
r A-A107 718 UNIVERSITY OF SOUTHERN CALIFORNIA LOS ANGELES F/6 20/3
REACTIVE AND ENERGY TRANSFER PROCESSES OF THE NEUTRAL RADICAL S-ETCIU?
NOV 81 H HELVAJIAN, C WITTIG N0001 -78-C-0585

UNCLASSIFIED NLmmmhmmnl
InIflllllIIfl
llllElllEEEEEE



SECURITY CLASSIFICATION OF THIS PAGE (Wfton Data Etered) L/
REPOT DCUMETATON PGE EAD INSTRUCTIONS

REPOR DOCMENTTIONPAGEBEF'ORE COMPLETING FORM

IREPORT NUMBER 2. GOVT ACCESSION No. 3. RECIPIENT'S CATALOG NUMBER

N00014-78-C-0585 j' I~(r /~J

4. TITLE (end Subtitle) S. TYPE OF REPORT & PERIQD COVERED
Final Technical

00REACTIVE AND ENERGY TRANSFER PROCESSES May 1978 - may 1981
OF THE NEUTRAL RADICAL SPECIES HgBr IN
GAS PHASE COLLISIONS fi. PERFORMING ORG. REPORT NUMBER

t. 7. AUTHOR(&) S. CONTRACT OR GRANT NUMBER(&)

H. Helvajian and C. Wittig N00014-78-C-0585

09. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK

Professor C. Wittig, SSC 403 AREA & WORK UNIT NUMBERS

University of Southern California
Los Angeles, CA 90007

11. CONTROLLING C AEAN DRS 12. REPORT DATE
of. Nava Reeac November 5, 1981

iuinc0

IS. DISTRIBUTION STATEMENT (of tis Report) 
SHDL

Approved for public release; distribution unlimited.)

F17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20. it different fromn Report) R

Prepared for publication in J. Chem. Phys. . NV2

IS. SUPPLEMENTARY NOTES

19. KEY WORDS (Conitinue an reverse ade it necessar and Identify by block nuirtbe,)

Lasers
Mercury monohalides
Mercury bromide

O Harpoon mechanism
20. AP51 RACT (Continue an reverse aide if necessay and IdentIfy by block number)

LLU
pi see reverse sidet31

LAW*

DD 1JAN73 1473 EDITION OfI NOV 65 IS ONSOLXTE Unclassified
S/N 0102. LF- 014- 6601 SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

Li -



Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (VhIn Does3nce'.e

Experimental investigations are conducted wherein kinetic
process associated with the gas phase radical species HgBr are
studied. These studies also serve to provide pertinent
information to the development of the blue-green HgBr(B-X) laser
The experiments utilize laser induced fluorescence (LIF) and/or
chemiluminescence as a means for observing the collisional
behavior of HgBr radicals. Rate coefficients are measured for
the quenching of electronically excited HgBr(B 2E+), vibration-
ally excited HgBr(X2Z+ ;v"), and the probability or energy
transfer between metastable Hg(6 3p0 ) atoms and HgBr(X

2 Z+3).
Various states of the radical are prepared either through
photolysis of HgBr 2 yielding HgBr(3

27'+1), or photolysis and
subsequent spontaneous emission producing HgBr(X 2E+ ). Atomic
excitation in mercury is via resonance absorption using 253.7 nm
coherent radiation followed by spin orbit relaxation with N2
buffer gas.

Various collisional partners (HgBr2 , CO, C02 , 02, H2 , Xe,
N2 and Br2 ) were used to assess the electronic quenching of
HgBr(E 2 E+ ). The results show that Xe and N2 are inefficient
as quenchers ( _10 - 13 cm3molec-ls- I ) implying that both are
suitable candidates as a buffer gas for the HgBr(B-..') laser.
However, the other species have quenching rates which are
orders of magnitude larger ( -0 - 10 cm3molec-ls-1 ), these
large quenching probabilities are attributed to reactive
collisions or collision induced dissociation of HgBr. Using
LIF, vibrational relaxation within the X2 E+j manifold can be

2observed and quenching by the rare gases was found to be very
efficient, specifically, rate coefficients measured for the
quenching of v" states near v"+22, the lower laser level, was
found to be gas kinetics. Furthermore, the quenching
probabilities show a linear dependence with the C6 parameter
of the van der Waals interaction potential, implying that the
magnitude of the quenching cross section is controlled by the
long range attractive forces.

Measurements are also reported wherein Hg(6 3P0 ) is
deexcited by collisions with HgBr(X2 + ). The quenching rate
coefficient is considerably larger ((1.7±0.8)xi0 - 9 cm3molec-ls-
than the hard sphere collision rates and is consistent with
ion-pair formation via the harpoon mechanism. The ion-pair
produced correlates with the HgBr(B2Z+ ) product and provides
a direct efficient pathway for channeling metastable Hg(6 3P0 )
excitation into the upper laser state HgBr(B 2 7+ ).
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Varirus collisional partners (Mg5r2.CO.

C02-,02 2 ,XeN,2 and Be,) wore used to aseise the

electronic quenching of I98r(2
2
T*,/2). The results show PtCACZ

that Xe and N, are inefficient as quenchers (.-LO0
13

In this treatise, an effort has been made to
cs3=olac-1•s ) implying that both are suitable

investigate the tinetzc processes associsted with the
canditates is a buffer gas for the Mqgr(B-)X) laser. radical specieo Sqir. Zn particular, experimnts were
qowver. the other Species have quenching rates which
are orders of magnitude larger (- 10

0  
designed to focus on the colliional behavior for te

quenching of electronically excited RqBr(gS species. te
these large quenching probabilities are attributed to

deactivation of vibratonally seted IRg~e(X,v')

reactive collisions or collision induced dissociation of
molecules. and the prooaoility for energy

Hqgr. Using LIr, vibrational relaxation within the- ~transfer/reaction between ieeaDia ig(63POJ stoic arc
l,'2 manifold can be observed and quenching 

by the

ground states Rgt(x) radicals. The experimental
:art gses was found to be very efficient, specificlly, results provide data which are fouod to be pertinent to

rate coefficients measured for the quenching of v' the development of the Hg~t(UJ->X) laser and in nenerl
states near v122, the lover laser level, wi found to

quite beneficial to the eoneric classiof g9X lasers.
l 95l kinetic. • 'urthereore, the quenching ?utheroore, these results are recast to add to te zodv
PObailtis show a linear dependence with the C, of knowledge concerning interaction processes of simple

paraeter of the vn der Wals interaction potential.
free radicals.

implying that the magnitude of the quenching cross
The man body of the test consists of five chapters

section is controlled by the long range attractive
.o . with the first primarily devoted to an introduction of

the subject satter. The test also prelints the reiewant

Measurements are also reported wherein R9(6
3
P0  ist

investigations to date and discusses those ares where
deexcited by collisions with RgBrfX

2
'1+/ 2). The

further research is necessary. In Chaper II,
quenchin rite coefficient is considerably larger

01.-10.8)xl0
9 

c1
3
Moiec-s'l- than the hard sphere eperitmentsl results are presented for the collisional

collision rates and is consistant with ion-pair deactivation of electronically ezxted Ager(S) radicals.

!orostion -,La the harpoon mechanism. The ion-pair Rate coefficients for a *tsous collisional Partners

?roduced correlates with the Rger(ht 11 /2) product and (Egr 2, R21 C02. CO. 02, P2 . Xe. and Br2) are measured

provide$ a direct efficient pathway for channeling and -here appropriate quenching mechanis s are

metastable 90(5
3
PO) excitation into the upper Liser discussed. Chapter zI is devoted to measuring the

state RqSC(S
2
-1 /2

). collisional deactivation of lbahrtionally excited

qgc(X.v*) species. Rate coefficients are measured for

the deactivation of high vibrational states (v*-22) in

Bg9r(X.v*1t theme v" levele alsO serve as the ground

state for Iqgr(x-X) lasers. By usng laser induced

fluorescence at several wavelengths, the deactivation of

ngsr(X,vl) molecules through the entire 2 in/2 fold

can be monitored. In addition, the Absorbinq-spbere

model with van der Wials interaction is presented as a

possible scheme for describing the quenching mechanism.

The final experisental chapter (191n discusses thoe

possibility of energy transfer via chemical pumping of

Hgir(X1. experimental results are presented for the

deactivation rate of metastable 8(SP6) atoms by

Rgsr(X). The results are diecussed in light of

correlation diagrams which ihow po lble products and

charge transfer theory which describee the reaction

mechanism.



itnsly, the discussion !n Chapter V* z presented the reader with a few concepts which would allow a core

!t !utuza Uestigation and Chapter V1 contains a list qualitative understanding of what there is to follow.

of selected bihlography. it nas been previously mentioned that uqSr is a free

radical. Generally, all free radicals or radicals are

transient species, in that they can be potcef.ally

reactive and usually are difficult to produce and study

in the free state. They can be physically stabile,

meaning if undisturbed by collisions they do not

spontane aly decompose.
4 

various methods hes Deen

used to produce radicals and observe the. Their

spectre in emission has been observed in conventional

flees (Ct,C 2 ,ou,
5 

atomic flames
6 

where the

interaction of atoms with molecules Vive thie radical

emission and through various chemical reactions.- -?iey

have been produced in electric discharges, ICU.:, or

photol'eis of Stable parent %olecules (CSfM.

Observing radicals in abeorption is such mote lifficult.

since the electronic states of the radical may not oe

well known and in any production schose. one has to deal

with other mlecular fragments which may also absorb.

Zhafiml linsLazaa =&s ZaImLsnAW ZsCUm

rt sight also be !ruitful to briefly address the

SuDbeCt of chemical kinetics. -n the sense of it oeing a

useful exlperiental technique !or studying interaction

processes On a macroscopic level. Broedly defined.

' rODUCMN chemical kinetics is the study of systems whose

composition Or energy distr bution is changing with

time. it compliments thermodynamics, in that
tOr a number of yees. there ha ben an

rthermodynamics allows one to predict the probaolity Cf
interest in studying various gas phase processes

a particular reaction taking place, while kineticssociated witth the free radical species 5g1(I-c.Ir.1,2.
provides Information on the reaction speed.

1 0
'

1 2 
The

.-he diatomlca vere first observed nearly 100 years
two sciencee differ in that for thermodynamics theaso our are once eaan the subject of active
equilibrium constant for a reaction Is independent Cf

reaarco. bl"Cause toy have been found to be potentially
the path leading ceactants to products. -hile the

,':11 suited to he the active species for an efficient2 aineric rate of reactiocn Is strictly dependent on the

Mich power laser. Aegmenting theme laser Studie. A
individual steps. tn fact. the individual steps -armedhost of other experisents have been done to elucidate
as the mechanism of the reaction is an important Dart of

sone of the elementary physical and cheicel processes
cheaical kinetics. The USe of kinetics as an

of these radicals.
3  

Mn this treatise, effort has been
experimental technique allows o, under certainplaced to ptrvde some insighlt into thesa kinetic
controlled condition,. to use measured quantities which

proceeses related specifically to the radical species
are not naemrlley asNolute but aerely propCortonl to

-gor.
the quantity In the state. 1I measuring a particular

reaction rat-, it becomes the tosk to defl.ie the

2s &it ai a r.Ut 3sgeJl experiment as sucn. that its outcome reflects the

evolutr of the reaction under study in a simple
it is perhaps wine to take the effort and acquaint nanner. POt inatence, simple exponlential behaviour is



easy te measure because it Is not necessary to know the exponential expression is always difficult to do,

initial quantities and a sea "l~ plot versus time Vill especially if .'S aprxmtl qa to k2. but f

generate the system time constant. cha acterisatli of for go*e reason 42 of' Equation (91 is much greater than

some Simple. reaction systems qtiligO in this thesis are k1 (Eq. (8)), for Instance if species 151 is in a short

discused below. fihe simple firat Order reaction where lived state and It decays, changing character, than?

I and Ib) are species concentrations and It the react4on equation (12) reduces to a sensible first-order reaction

rate is given as. 1 3  having the solution,

(AI - (1 (11)9 -, JAk 5 "_ t123)

-dlAl/dt - kiAI (2) k2 - k

JAI . (Alo-k (3 The solution in Equation (13) now reflects the

equation (2) is the differentLi rate expression and production of III (destruction of (A)) *ia reaction (6)

Equation (3) one simple solution, When the kinetic In retrospect it is perhaps important to briefly

equation involves more than one reacting Species, the comment on the Kinetics of radicals. that of Hqat.

Lntarsted cate equations become Complicated. In this Because of their transient nature and potential for

case. if the experimental conditions land themselves to reciiyone can expect kinetic reaction rates to ot

it. .t is possible to ake an essential isolation of very fast. Thus, it might be necessary to use

each of the raetion species by adjusting their masurement techniques which are responsive to fast time

concentrations so that one of thee is present in scales. furthermore, then* radicals (8g5r) do not exist

considerable exces. in this case the concentration Of freely but must be produced. The formation of these

tieo spec1ee present in excess will remain almost radicals from parent species also produces other product

constant during the couree of thin rection while the famnswihcmlct ohteeprmn n

overmii, reaction *Cdsr is experimentally rsduced. A tinetic analysis.

simple pudo-first-order reaction is presented below.

-dtA1/dt - t(AJIBI (5)

if A)0 - 20(510, then W~ essentially stay* constant at 90921 : Th Parent Species for Hg~r Radicals

the nital vlueof 1I0 ndOne cannot begin to present a proper historical

-d(AJ/dt - -dtfil/dt 8 k(A10 1B) - It'(SI w chronology of the mercury sonobialides (5gX. xsl:

III - [3loe"' (7) without first commenting on the historical becrqround of

Where again SqUtios (7) is the sinple solution to the t*oepoietprn PCQ q2X9.LI.'h
emiaiun produced by mercury dihaLides in electric

reacionIn quaion(41.P09con~t~ivstT"discharges was first observed 100 sers ago by Pierce.

reacionswhoe th inermeiat conentatio isThe emission was resolved Into discrete lines by Jones 1 4

under study, consider the following firt-arder reactionanshrl eomigbyLhee.1 Tet-fv

sequence. years later Wieland Initiated his thirty year study

JI 1 1 (31I) U9291-1960) of the emission preduoed by discharge

(SI - r CI (9) excitation of mercury di-hailder. se showed that most

-d(AI/Ot - k1A1 (10) of the *mission lines arise from excited mercury mono-

-d5/t-k(I- 42 (11 (11) halides (29X. XICLD5r4) and made detailed assignments,

in perticular, of the 31 -1 r bands in

moese firstOrder end firet-egree differential V 111l)6

equations can be solved by standard methods to Yield. 59(I.rZ
1

.he study of phatalytic pumping of mercury di-

(A)ok halides is also ever fifty years old. :n 1927. ?Toenin

%2 - 1 reported strong visible fluorescence when

Reducing %I and k, experisentslly from a double 8gX2 .'X-Cl,rI) was Irradiated with ultraviolet light.
1
I-

Specifically broad band blue emission s aw . $05 mit)



.&S OOBSrvd when 5t 2 yeas irradiated beveen 190-2.0

no. erenin assigned the emission bands to #5r, Lt.e,

the photodieociatioa products Vere the electronically

excited radical ager(r/2) and a ground state hslogen'

Sr1P) atom. 1See Fig. 1-1) !
Rq.r2  - > *,sr(,2r 1 ,2  -,(P/2) (14)

Rgrii
2r1 1 2) - ngzt112 rl/ 2 ) * n" (15) N <

1925.18 In 1932 Wieland reported a more thoriiagh study %. --

on the absorption from 150 to 210 no of the mercury di-

halides revealed three broad continuum eaorptions in0

5gSr 2. The absorption maxima were at 224 no, 195 no and

160 nm to wel1 as a series of discrete bands near 183 .l

nm. Excitation in 'he first bend at 224 n, and in the

diicrete bands near 183 as produced no fluorescence,

while excitation in the bands at 195 nu and 160 na 0 a

produced emission between 505-350 no and 270-250 nu,

respectively. an 1935-1940 Wthrli reported higher I ;

-esolution spectra of the discrete absorption bands in

RqBr 2 , hLe9 Sponer and Teller intorpreted the spectra

by assiLninq the spectral terms to the ground and

various excited states of REqr2 .
21 

4dt in 1900

investigated the electronic structure of 5gsr. and its

relationshlp to pltodisociation.2
2  

Using theoretical

calculations he assigned electronic spectral terms to

the low-lying excited states of 8Br2 and correlated

Fla. a1-). Photolysis of §gr 2 at 193 no. The them to various products using previous

emission spectra is of 3g9r(B--1 and photodiseciation experiments. The sisulti are

as ta en at 300 C. corresponding to a presented in Table (1-1).

:p~r- density of - 1013 co-3. The top With the advent of mercury monohalides as potential

spectra is te wavelength calibration, candidates for high power visible lasers,
23 

there have

taken with a lee pressure mercury lmp. been a flurry of investigations on both the

S0th spectra were taken using an optical decomposition of B1X2 (X-CI.Sr,I) and the efficient

multichannel analyier (OR&). production of the excited radical HgX(9
2

1 'l,2. ?a,&

for instance, has measured the absorption cruse sectirn

of g9X2 (9XClBrl in the ultraviolet, le finds the

cross section at 193 no is approximately xO.17 er-

for Sgqr 2 .
2 4 

wilcomb. in a later study, has made an

absolute measurement of the efficiency for production *f

990r(0
2

1 1 2) via phiotodisLsCltlon of Sp9r 2 at 193 "'
Ne has determined the efficiency to be 0.35.2S tare in

turn, has measured the electron impact cross section for

H9X 2 to produce "X(32 *L/2).2
6  

Specifically !ur q8er:.

the cross section was messured to be 9.6al0
2 0 

C
o

.

showing that it is noer efficient to produce

Sgsr(0
2

1 1/2 ) from Sqpt2 via UV Photolytsa than electron



channel, but not in the 3p2 . Of the haloqeneted

hydrocarbon$ tested, the reaction of CC14.Ug(421 has

the highest cross section ft producing @qCl(1
2

01,2 .!

TALS 1-l). lqlr2 transition moments !) And

oscillator sttenths fIf fir the vertical
Spectroscopy of NqBr

dipole allowed excitatione In IFqr 2 .

AlO gives ate the calculated The specttoecop, of nglt was !irst studied by

(experimentai values given perenthetically) Reiland in 1550 frau his discharge emission studies

excitation energies (AZ) of the var ous on 159 2. Be assigned vibrational transitions and theAg

states ReferenOe (22)). relative intensities for transitions between the 621*1,2

end X2rI/2 electronic etate. Since then. it has been

established that the ground state electronic
obse'led 3 tlzn eln'state .9 i(o) K f eiNSLon configuration is iX21*/2. Otling Weilands

00rulelts, Cool and Cheunq calculated Pranc-Codon
0actors and r-centcoids for the &->X transition in

--... 4. 4.72( 5 .64)b 263 1.15 0.0239 none Hgar.7 Prom Pig. 11-2) we ree that the X - 1// state

2S bound by only 0.71 ev and correlates to ground state
E(1S) and Sr(27) atoms. The nest state above (X) is

-2)wul2y 6.33 15 0.471 0.004S 2
7

O-lSOnm the repulsive A
2
I which also correlates to ground state

atomic species. The first bound state, tered 32. *2,

has a deep potential well (4.87 eV1 and correlates tc

"Absolute energy is -70.50335 s.a from reference !2-2. the Ionic patr 8g-(23) end c-(
1

S). The most prominent

b.eference f291. feature of these potential energy curves is the relative

displacement of the -Internuclear separation at the

Impact. ?her* also have bee investigetione to obtaih

the rate constant for producing 894r(9
2 
1'1/ 2 ) via

dissociative excitation of 5qgr2 by rare gas eetastable

atoms and Wq2)A.).
270 m  

The rate constants for

Heft(32 . 1/2) formation from the excitation of 83r2 by FIG. (1-21. Potential energy curves for the (X),(A)

Xe(
3

P2 1 and K2 (A,*) was determtned as (5.3±l.5)a10
" 1 0  

and (3) states of 
20 0

11
79
1t without spin

Ceu-
2
olec'ls

"1 
and greater than lxlOlOc

3
eQ 'lcIs

" 1  
orbit coupling.

respectively.

Reactive Proceee Which field gqar

mraher than us. the parent molecule 991

people hove sought to produce Ngt radicals via reactive

collisione of metastable Mercury ato=s 29(63P2.1. 0 ) With

halogen and haloensated hydrocarbon oLecules.
3 0 

With

:@eode to the halogens, it wea found that the Cross

ection fot reective scattering (ptducetio of excited

:CIl2r i/2 ' was approximately live times larger for

the 3P2 (5.4 eV1 stete of 1g than the 3Pe (4.7 mr1

otate.
3 3 

Bornstein, in a cross molecular bees

chesilmitnoseene study, has placed the reective cross

roction of 3P, Mg with st2 at approximately 3A
2
.
34  

tis

obeerved spin-orbit dependence of the cross section

pertee Implies a potential batrier in the 3PO reactive



the 8) state is mostly (80%) covalent oidlu tno 'XI

state ti mostly (O%) Lonic. -he introduction of spin
orbit Coupllnq in the calculations for SpSr '8) and (%I

states has only a minor effect. Some of the effects are
Hq 4CS)+Br(,S) oevign of the A state degeneracy. which splits into

two states A 2

1 /2 , A
2
73/ 2 and the reduction of :he fx

state dissociation onergy to (0.33 eVI. wilcomb and

Bernstein have calculated the X211/2 state dissociation

+ energy from an analysis of vibrational level spacinos

timing Wieland's spectroscopic data,3 they claim that

though thei: eatrapolatlon is lese secure for oenr then

A.2 " 
2 l Rg, the beot estimate value is 0.74 QV. There ave

also been theoretical calculations for the RBg(rS->X)

radiative lifetime by Wadt ( - 26.0 ne,
3

0 and Dy Duzy

and yman ( - 14 no).
4 0 

The latter study, not as

detailed as the former calculations. used a onvaical..,

intuitive charge transfer model in deocronq the 3-- ,

HgOS)+Br( 2 P) transition. ALL the spectroscopic data for -Igor which
0 O have been gleaned from various sources are tabulated ir.

Table (1-2).

0.71-
Z.61 3.04 cA)

equillbrlua point for the (a) and (Xl states. Because

of this unique charecter. the mercury mono-halides have

sen termed as escimer 'like' molecules. Any Franck-

:ondon transition$ from low vibrational levels of the ?ABLE (r-2). Spectroscopic constants for the IX), :),

'8) state end up at high vlbrational levels of the (C), and (DI states of aSr gleaned from

ground 'X) state, populations from these high various sources.

vibrational levels can then be collisionally removed.

Collisions with the excited molecule 99Cr(821-/2), State Te(eVl R,[A) wecm'
1
) eevelca-l 5(cm

1
) y**(C9

"

luereafter a@ RgIrr/. ill vibratiomlly4.74 228.5r e.9

electronic state malfold and further Increase the

population at low vibrational levtes. This is spparent c
2
1 1/2

when studying the 3qIt(N-X) emialon spectra (Sea 0.2,082 3
'b/2c-o 2.0

'
3.04

b 
135.1

s  
0:49

D  
0.032b -C00

11-1), the prominent peak near SO0 ma cotesponds to 2.918 3 . 1 0 c 0. 3 0 a 0.030C 0.00oos

tran ltiofi from low v' of the (5) state to high v ' of X 2 2 6 1 b 186 2 4 0 .7 a 0  0 44b . 00040b

the ground X) state. Wadt hag studied the electronic 2.2
€  

0.0 4 3c .00021-

structure of RSIu. specIfically the (XI. (A), and (3)

states.
3 8  

Re finds that as the intornuclear distance

decteases attractive ionic Character begins, to six into

the covalent (X) State while reoulsive Covalent

character enters into the ionic (B) state. At the

equilibrium separation for the M) state (Re), both (X) State Deay Jb) MMI

and (S) states .ro neatly 50-SO sixtures of covalent and S
2
t1 2  4 .7?7,4.87d 1.51 3 .81 b,4 .1 2 e 2 6 .!b3.7

d

ioniLc chacter, which maimizes the l-)X traesitlon

moment at (Re'). At the equilibrium of the (1 Stte.. 0.4b,0.71



TAWL (1-21 . (Coetinfaedl

TADLE (1-3). Measured laser wavelenqths for the mercury

halide 9qX(XC r.l) a2.,, - > X1/

Merle paa81tr8 8
note Pta atscagrs

State D,(esmtL) Ca) S(A
1

' oleculs A(alrJ in no

S
1

'2 1 .. ql 302.0. 502.3, S02.6

S03.9, 504.2, 304.6

aga
b  

552.0, 55.0
556.0, 55t.0

gRfernce (36) 
1 q90  

443.0, 444.0

Referrce (381
0

Reference (37)

defereuce (44) ateference (471

*Reference (45-44| 
0
nsf1rencs (461

20

,IqBr!9-X) Lasos electric discharqe?, and metsatables reactions it.-i

Rq , XS, M;). In the cast of oPtial Pumpinq '193 nc

As previously mentioned,- he mercury monobalides Ar 'lser Photolysia of Hmar2 vapor lasinq output -as

have a larq relative displaement of the fl) and (I) observed usinq both t:ansverse and lonqitudinal

electronic etatsa (see Fiq. (1-2)), along with large excitation. With the transverse scheml giving hlqher

cg-- X) trlnsitioa dipole$ (see Tabl (1-2)). The$& gain.
4
' To date, thet haVe bon more studiel on t*e

fortuitous clrc imstencee allow for populatiom inversion MqBr(S-)>X) laser t:han ItS contsrpsrta i-pci and ql.

and lasing, action. Fortersmoe, under typicali operating 990t offers the advantage that the paticular lasing

conditions, the eCs*C * Oike mature of t.heee radicals waie~leniqta ate well saited for underwae applcatlon

prevefnts bettlsneckinq 2f the lower laser level. Vsinq in laser commilcations. 
4
9 and it can be cleanly and

various pumping schemes all the halides efficisntly pOoed using the high power UP laser to

MaX(%ClIrI) have been so n to Lse on the Pa toly B glt 2 .. ' Output from the RSr 'ree rtninq
8 +/ -) 12+/ electronic trensitl~o.

4 1 "4 3  
Table

1/2 oscillator €vesists of severai lineS (see table tI-3w,
.1-3) shove the obeerued usting wsvelurgth fo, the

centered around two pesks at S02 and S04 no. The linss

variou s ercury balides. Since 1977, there has been are doe to different rotational-vibrational transitions

research to obtain an efticlent 1991|1-1) laser. This ths (9 and (1) States, with the added

has prompted the deelqg And building of ViX lasers using Complexity caused by Ir and Sq isto" shifts. In the

numerous ecitatios schemes. sine the appe lamer gain gan roeion, there is sufficiently fast interaction

level Ilfetiete are short Ige Tabie (1-il for Bqlt, between the warious states that from 495 to 505 ni, one

large escited state populations can only be obtained by effectively obetve, the behavior of a homogeneously

intensive pumping schemes. lo(t-)X asing action has broadened transition.
4

9 Thus, by injecting a narrow

&"e achieved vie ecitation of 5912 or other compolds beod 91g41 Into the 8qr oscillator. the laser output
by OV photons (133 na Ac? laser, s emissi tO 14172

Xe; espectrum is condsned and locted to the injected signal.

nil, electrons tLoctros besa, O ptelosined transverse Single line operation of 0.03 no width tunable between

:1



49S and 505 na. has been dem*mtraed with output supply the necessary hest,
5 3 

2) self absoption of the

energies equal to or exceeding that of the fre-runninq 5qgr(S) radical at the laser wavelengths, the self

os¢illator.
5 0 

Currently, 199l~r/lg? dissoc/iaton lasers aborption cross sectiLon has be-In calculte~d And is

operate in pulsed mode with M2 and 3 et buffer mees. found to be 50 times smaller than that for stimulated

.he maximum laser output energies (.I J) ham bee emilsions 3) electronic drive-circuit components, which

obtained with an E beam sustained discharge with an Is a conon problem to aLl pulsed high power laserr 4)

overall efficiency of 1.8%.
51  

osing a U7 prelonized the inherent low electron ismpsct cross section for

discharge laser Scftimitchet and Clto have studld the producing Eg9r(S), S) and the corrosive natore of the

performance of the Ig2(D-->X) laser, deriving average laser ediam particularly with discharge electrodes.

values for the small signal gain g0 .4.60/cm. the This is thought to be the major problem since Aids

absorption coefficient 3 0-0.35%/Lm and tbe saturation reactions of IoSg2 and other diesociated products with

flux ISAT-
20 0 

9W/c1
2 

for the come of when the buffer gas metals can lead to undesired products which not only

-onett of 900 Tort oe plum 100 tort N2 as buffer exhauts the 59Sr2 supply hut also interfaces with

gins.
2  

From the average saturation flux. an estimate laming action. Currently sealed devices with 316

!3r - -alue of the Stimulated cross aection 7st can be stainlese steal electrodes reach their ilf output power

oniainud. levels after 106 snot8.
49  

bowever, tt ia thoughrr t st

the group of platinum metals is moat likely to be

'lot ' "h A11) compatible with the laser mediun.
6 0

ISA j

rot "m, the laser photon energy say at 300 n. and bg~r Kinetcs~

the effective upper state lifetime A 1.15 ne. one

ortins a lover limit to aAt as being l.lxz0"9
1
cu

2
. The Reqerdlesm of the excitation mechanism used, to

Schimitschek laser can operate at a repetition rate of obtain an efficient chemical laser is tantamount to

100 9 i
3  

ith An overall efficiency of O.SS%. By changing understanding the collisional bobhvior of the activo

from a 7V proicnized discharge scheme to an Z-ray species. Knowing the quenching kinetics ;z also

preionizer (X-ray oreionimation is a conveunient source essential in computer modeliAq of a chemical laser. For

of uniform ionization in large volume aystemI 54 "SS
, the mercury halide lasers there has ben supportive

?%shor, et al. have measured an increase in overall research to measure quenching rate constants, but

ef!1cionc7 to .4t.
5
6
- 57  

fo ar a photolrytcally primarily for the destruction of the tpper lamer tevei

excited Rgr(9-IX) laser has operated in a $ealed 9g9r(D). Rate coefficients have been measured using

quarts cell for many thousand Ahotm without amy numerous Collision partners, specifically those .hich

degradation in Laser output.
5  

This Implies that for sight be likely candidates s buffer gases or possible

all practical purpoese the 1g9r 2 dismociation is halogen donor molecules. Table 11-4.b.c) lists those

completely reversible in that the net recombination rate rate coefficients meansred to date. it was found that

is sufficiently large to keep from completely emboumting in general the rare gases had poor quenching cross

the sqar 2 supply. in a separate exprifmtt. SWrsua8 sections.
3 2 "6 1 - 4 

whLle donor molecules i.e., for Sr tIke

et al., using kinetic absorption spectroscopy, have Ur, C038r, CC1 25r2 1 Vr2 and Sqlr 2 , had large cross

measured the dimerization of IgormX) (ogor(Z) + jorm ssctione.
32

'
61 "6 1 

Also, it was meemared that 19 atoms

-I products) with At am the third body buffet gaL
5 9  generated from the photolysis of 5gerz, if in large

1though they could not precisely say whether the concentration will also quench eger(31.
6 2  

Unlike 'he

dimeexiztion products were Rq2 r 2 or SqJr 2 +r, their other strong quenchers W, was soan to be a poor

measured rate coefficient was tuenching parner for & 1I @9X(3) Spetten.6
1 -

F
4 

further

To date, no other recombination expetrimet haa been studies to experimentally establish the agarfe--X)

done. The difficLties in the RqSr(§--X) loser are 1) radiative lifetime have also bow done. Us3inq the

eternal heat is necessary to obtain large 999r 2 vapor sensitive technique of laser induced fluorescence :jou

densirele though this proolem IS thought to be minor and 4axas have measured the lifetime for Rgsr(s) to be

since in repetitively pulsed operation the eoes hest 23.2 nat
4
" Vaqnant and Eden in a separate aperiment

generated by the ischarge Itself is more than enough to eassured 23.7±1.3 n8
4

6 in agreement with the previous



?AaLZ (1-44). OmeIcking rate COaetaUta for tUSLs (1-4c). 11e"achnq Conetants for Iql2/2)

Rll M rc' .
3

2) e ]eioslme ') sad to (cmJJelc
1
5ecl "1 and 77, , .

- 22.2 as.6 nl.

Easidle *ta. 8 na btiL C Itez. t.', ideae.4.

F* II o~. ?a" *t.aLb cl C&. " t J

no 4.l 
"-
1

4  me <2.ta.'O
" 4

me 1.1glO
"
-
L4  if (2.9s3114

Ar 5.0slo
1 4  

t1.Su10
L
3 At 1.111513 3.3LO-13

tr 7.3z10-14 Xe 2.2z10
1 3  

.1110
13

Xe 3.1z2
14  12 <2.h-O14 I.1,z10"2

.92 4.22t10
.  

-?]1 2.9X
1 0 "1 0  

2
-
1s

l o
-
l O

:-11 1.721O
.10  

5.1110-10 12 <1.1210-8

CI .411010 29 I. O
"

lO
1 0

4  1.6z10
°10  

59 3 .0e10
"1

812 3.1h
"
O

1 0

eltefeience (41J glefecece (m4)

.eferece (32) h1 ofeonoe (62)
Cateoamace (45)

study but both studies being in slqht contradiction

With theoretical Cealctlatone.4
0

.TALE 1-4b}. Quenching tat* constants feor2 2 S UaRt A

IqK"1 1"/2")' kQiclmole ls"@ ) and

!(--)K) * 23.2 Me. Although there have been a large number of

experments investigating vacLous processes assoCiated
P audle et. la M~en ot.b. SautsoALA st.&I

with the 8q] species. most recent studies have been

so (i.4110-" <1.0210-13 5.410-14 strictly conocerned with thoe aspecs which are only

Ne S.32lO
L  

grIMane to the Ig51l-) lamea. This an been

AJr <(.41O*14 7.4e10-L3 specially tev in tbe kinetic studie of the

x 3.Oslo-13 3.7h10-12 6.0210-13 Eg(ZCl 5C.11 radicaL. A lacqe pottion of the

6 @2 .4 -14 4.4dI-L2 2.3xl0D-] availabl.'e tietic data describes the ollsionai

q 1.3210
"1

0 bebviot of the eited 91(1121 - 1/2) radical.

Br2 2.1 0lo S.Sz
1 0  Furthermore in these studies. littl, effect was placed

nor 1.3210-1
0  

2.0 ]o-10 in understandlng those coollalonal processes which

(:1 SC 3.9s10-10 provide such needed information concerning tne kietics

C1 2 ar2  4.3"0-10 of electronically uscited radioala. Use

CM11ir 1.O11]0-10 there has not been an investigation to measure

C1P31 i.72lo
"10  rates of removai of population frome the lower leeoe

NqWr2  1.7?z010 levels (X(CX
2
1i*/21 w'). it is important to measure

such rates and ingot* that collilional quenching can be
alefareoC (611 sade sufficiently large to overcome pumping tere and

owaftraft" (62? them prevont Isse self termination from population
ctefe renfe (4i

dlefoetcene 145)

'0 39



bottleSecting. Also. it is oeces ary to find

spectfically thes &pe"eso Which quenc the lower laser

level but do not deaetivate the uMt laser stats.

.'rtheroee. it Could be of interest to both poyILcal 19.0. Peircss Vied. Ann. 1, 597 1679).

chemists and laser research scieatists to Study realve 2CJ. Rhodes. ed.. JAGLJa LAlM (SPreoger-Ve9Ij,

processes with the ground statse n(21r/) rad*cal Berlin. 1979).
with the possibility of producinq electroaftoaly en- IJ. Mays. ltin J. Quantun lectton. 9&1.LI. S79 (197 1.

cited molecules. i.e. fiqX(I2.1 -. 2). Tbe Study of such 4 ;. nersOer9. St Z& a ad SAU AU nL LIWA LU

processes not only provides the possible sess of adua" (Cornell University Press. Itbac. 1971).

chemically pumping the 8tZ(-i-X) laser. but advances $i.m. ulevzcZ, P.J. Psdlay, t. . Smith, Proc. l0oy.

such tnowledge of energy transfer in ttanent radical Soc. A ., 129 (1970).

species. 4N. Polanyi, &U i AL&M (Williams and Margate.

London, 1932).
7

A.G. Gay6on, 12 ,sns n md ZaaS.L ZhUU=

(Chapman k Mall. Landoe. 1942).

In this treatise. effect 'ae been placed to 'S.A. Thrush, C.un. BSit. 2, 287 (1964).
tnvestiqate those shorteominqe previously mentioned for 

9
D.A. Ramsey, J. Chw. Phys. U1, 950 !1952).

the specific case of the radical swpeces 8q2r. It is 
10

S.W. Benson, =2 Mo24d.Lnns 2L QMniAaJ. AALU&

hoped that by esaininq such tinetic processes for 298c. (mcGrs-flEil, Now Tort. 1940).
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rurthermore, these results not only serve to obtain 12

J. rae., LO. Pearson. iAJ.m A ad SU a JAALU 2Ind

pertinent informatlon for the class of 5qZ(5--2 1 ed. (John Wley 6 Soee. Inc., Now Tots. 1961).

LeseCs. but they are also recast, to elucidate some

34
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491L Burnha . $B chiecmch a. Laser Pota Jan

(1161). The 8gfr(t211/2) radical, hereafter referred to as

0T.R. Stay, P. Renae. 0. Coesin. presented O '11. l9OrID) can be efficiletly produced by optical

Jan* 10-12, 1961, Waohinqot (anoblbifted). ic@itation of 1qUI2 at wvelength@ near 190 na.
1  

moo

-9)J. Raol t.al., Awo Everett Reeasoclboratory Inc. excited Speciel have a short natural lifetime ( - 23 '2).c

(unpublished) and can quickly decay to the ground X
2r,1*2 electronic

922.J. S cLitachok. J.Z. Celts. Appi. P ys. Ge.t. state prodcing a broad band emislon spectra.
)

1. 176 (Lo0). s(Z) pectra is in the vilible vavelengths with a

53J.9. Celto. 9.J. scU-ttfite funpbilbedl. prominent peak near $00 am (ee Fig. (1-i)). The

54S.C. ILo, J.1. Laette?, KPPL. P"U. Lett. pentC is &Lee nearly decid of all vibrational and

s01 (1379). rotatLR&al Structure. which iS attributed to the

5R. Watanabe et.al.. ApIL. Veyo. Lett. 3&, 3 1191). owetlappqn of cloely epeod rotational ad vibrational

iC.. lr F tiah.. Proceedings. Laaers 'g6. 1it0. ostoo
4 

along with the numeroua isotope shifts.

fle Orleans unpublished). Elperleentl which Lfnwove the E.5r(RiTr / /) state can

5
3

C.N. Plahae st.aL. athematical Sciences Orfrthwcst benefit by the fact that 1) the short natural 1ofetise

Inc. fumpnlibLalc. caf sisplitfy colliaoela
l 
quenching studios, usually the

5O2.J. Rlchijtachelf Proceedingso t ctoe-Opti'/T.aaerc deactivation hy trace Impurities becmoe neigible cad

'79, 1971. Lot Anqelea (unalpuhakeod. onLy those species in great abundance dominate the



deactivation ktneticsp 22 the -- )Z transition allows

the convenience of using visible detection appaatus

which normally have high gain and age casponsive to

short trafnlent Signals. Obviously SU collllonal

procenes involving the s2tl/2 state at "at are

pertinent to the development ot *qglt(-->X) loses but to

in addliom. such procsao are ost fdamental J

importance. an they provide information concerning the 1 6 ILJ

kinetics of an elsctrouically sscitad free radical.

Collisional quencblng of the lr/2 state can, proceed

via chemical reaction. collision indu-ed dissociatLon, i

Of dOeOlxtatlon to the x t2 state. In this chapter,

eterimental results are presented for quenching of -

fiq~tr(l by veriom small nolocul . The results show I C

sofe amazing differences between quencaing species which W ' W

art sim.iar In moat respects (e.g. CO and 02 are very I -. I

efficient qoenchets and M2 is an Inefficient quencheir).

The experimental alrangement is shown sche tically L- ---

in Pig. (1I-l). Briefly, the output from an Atr laser

(Llmonic . 193 ta. 0-100 J, 20 naec MUn (ue rig.

(Ml-2)) io sent into a screen room and Into a

40 42

FiG. (11-1). Schematic drawing of esperimental rIG. (11-21. bL ala d photograph trace taken from a =T

a:rangent. depicting the Ur laser output pulse

dozatics. The power supply voltage was

eot at 35 K (13.6 J stored energy).

4'.



FZG. ZI-3). Tpicel data from the transient diqttger/

signal avetrger c"iAntion. The Rqlr(S)

fluoreecence signal to digitized at 10 no

IntervaLs. The origin, of the time scale

is nearly colncident with the teruination

2 ans of the ACT laser puls 140-ons duration).

The data wa taxes With 950 aSyort of

699r2 i. bth call.

44 46

!Iorescence cell *t i contains the "mlge nder

conesdetcation. Fluorescnce Li observed at right angles

the laser beas with a PAT RCA 1571, 260-580 nm,

noec) and spectral resolution is accompliehed either

with filter or a 0.71 a eonochroemator (Jarrel-AR-1.

Since the signals from the PAT wre very large, great

care was taken to Insct that the PH? ws opegatihg in "

tne linear reglme. The signals were recorded by (1) /2

oscilloscope. (2) digitizing -be signal with a fast

transient digitizer (Tekttontz 79121, or (3) digitizing

and averaging the signal with a slower transient

digttise/sIgnal avertr combination (iomatlion 6

?racer northern. 10 no gate). After using each

method, it was found that (31 io the mot convenient and

reliable. Signals were recorded only after the

tuwuinetios of the Ar? Laser pulse whee the

fluoresce uce decay could be described by a sLnqle

es:onential over severel lifetime (Fig. (11-31). To

insare that the Ar laSet pulse did net contaln long- I a, - --_-_--

tails, a separate small experiment wee condected where P (a i W

the fluorescence from an ArF pumped Counaria Dye (AvIUOiuI nunSaJ t *JS OH) U|

(RICITOR C9001 Vgs soeitored uoing a fast osillooespe.

A tracing of a photograph of the osecilloscope gcam is

41



sbn in rig. (zz-2).

N9Cr2 Is a powder at room temperature. bat ba a

reasonable vapor preseuce at modest tempereturs (100

MTOrT at 373 9 0 In Table (It-L). an extensive 198r2  TABU (11-1) (continued)

vapor pteaus 4ata s tabulated. Tose dta fog

temperstures Lower them 409 F ace extrapolated usingv

computer lost equate fitting with "own pagaattes.
5 (

The floorescence call is constructed from quartz and is 120 0.43 s0 18.10

contained inside a commercial oven (Trans Tmp Co.). 116 0.33 76 12.13

rluoaescance is observed throuh the partially 212 0.25 72 7.55

transparent (thin Am Coating as quarts) walls of the 106 0.13 64 5.09

oven. By controlling the oven tempecatuxe. am is able 104 0.14 64 3.17

t establia the 9ql:2 concentration during the Gourse 100 0.103 s0 1.91

O n experiment. To insurae that REgt
2 

solid is not 0.0777 56 1.17

present in the region of laser pbotolyls, the ema body 92 0.03386 52 0.63

of the fluocescence cell is kept 10-15°C warmer then the a6 0.03607

Sidt arm. he call has Suprail windows. to allow 84 0.02640

paing of 1293 nm. and Is connected to the vaco system

with a stopcock which sees a glass to glass seal. Since

the stopcock is also housed inside the owing this se"

ensures that those contaminants which usually outgas

from normal 0 ring seals will be abeat. Nominally.

the cell is maintained neat 375 K. which provides an

8qRg2 density of I.GxlOlScs
3

. At this denaity of

48 so0

parent species, que nahn of ffSgr(51 by undissocistad

parent molecles or phototr.gmants contributes only a

very small amount to the obeetved quenching (average gas

7AaL 111-1). RgBr 2 vapor premore data tebiLstd kinetic collision rates are 10 colleIon/usec:-ortZP 'or

using - te leat squares fitting Rget(), A
"
1 - 23 no and at a preasurs it .1 lorr.

(parmeters are from Retfrmoe (5). results in a coUllsio rete of 0.023 colllulons in one

Iifetime).
OI vapor Pressere tOC) Vapor Preence Chemicals vere purified as follows. 3gWt2 (&ter

(TOWrT Analysed Reagent Irsdel wee pueped an at temperatures up

200 24.76 1I 3.92 to 100°C in order to remove volatile compounds (Largest

194 20.14 156 3.10 Impurity 1 2 0.21?. Sr 2 tft.t Amaysd Reagent 99.9%

192 17.63 152 2.57 sin) was subjected to repeated distillation from 263 to

L66 l4.5 16 2.06 77 a and slow pess q over P205. tn addition. the

134 12.44 144 1.64 apparatus in which the Sr 2 wee to be used was seasoned

160 10.37 140 1.30 by ap soure to Sr2, and heated under vacuum as such as

176 6.61 136.S 1.00 possible in order to inimise the samot of 10 on the

172 7.12 132 0.90 ssCaMn6 32 and Xo vete research grade !Airco, .99t

01 5.87 126 0.71 mlk) snd wera used without further purification. Other

164 4.61 124 0.55 gases were typically 99.91 pure end were also used

witheut further pucification. ince the rate

coefficients for these species were very large (> 0..

gas kinetic), effects due to impurities Cre mnimal.

49 51
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The processes of coacern are weittem in the

following equations.

ae 2 -v(19 ml - Igr(a) + 1r(
2
P) (1) PIG. (Iz-4). A least squarsa fit of the dependence

@gJrl) - , ghz(5) * Iw (2) of the fluecosauccs decay Cats on pressure

2gc(a) - N -W prod-cts (31 for 02 and 12. Each point repreents

an avecqe of 200 flaocenatce traces.

where P age th am"chi spuelee. TIe quenching

Dpoc" hw* erysmal abat"00 ramsectonsat 93 2 ,whose quenching rate coofficlentspec.le4 have very smel aheonlptose Cos sectisa8 at 153
can only be emesred at such highernRU and thera€ovt se need net be onond abou

concmtrations than tho" shown in the
eacitatloand poasible disociatine of the q4 s fiage is shown foe comparion.

species. A comment has to be made on the poaible

absorption of 193 n radiation by newly fored agl(s)

and gir(l) sdiclals fot instance, it the UP

intensity is high enough, theme 89STIS) which formed in

the loading edge of tue Ar laser pulse and which have

not yet decayed can absorb a second 193 u photo% to

for excited atomic otg Of 09 ad Dr
10  

Frtheolre,

any gqa(]r[ could also absorb one or twO UV po eo and

form numerous excited product psecies.
1 0  

An indication

of the one photon dissociation of Iglr(Z) olecule is

the 253.7 no @miaion from sq 3PI - 1 transition.

while a two photon dissociation leada to hilghe ezcitd

$2 54

state of 94 such a 133 1 . Poplation in the 733, state

Can be detected *ia the 5; 73,_ *
3
Pl, tcraition at

435.5 no.
1  

aiung appropriate narrow band filters no

Such emission was detec ed. Thi affirms that the

denliy of electronically excited sq aoms is small and 4N
that &toma formed from the m.ltipboton dissociation of 4
Rqsr will have negligible quenchLng affect. The rate

equation desctbLng (1) - (3) is

-d1hlc(bDli/dt - h(U41cf(l * t kIP1 Ir)ll3 (4)

where A le the Itnatein coefficient for the D-) '

transition (A-4.3210 7a" 1 1 Is the quenchig rate*

coefficient for apecies R. Pith the terminatlo of the

AzP laser, (4) has the trivial solutio of espnential

decay vith a lifetime pie by

k - A + I1N (5)

aY varying [NI on ca obtain kN and A. As mentioned

above. qen lo by Md'imeeCated parent molemles Ia

Lnaignificnt. coatribeting only 11 (at 100 wyerr.

('t'5g1r9I4 I /A 40.031 where V to the quenching racte 3 'a n i
by 298r2  to the oyeral1 quencling. Typical data are (,_261 '0L)

shown in rig. (1 -41, and the teulus Of the 3J.V AVON 33N3S2- On-i
eeeourents are sumsrised in ?mble (11-2). The

33



results shown in ?able (11-2) wage obtained by laa.h

monitoring the total fluorescence from the (5) state.
Thismayincude oalconribuion frs; dffeentThe rate coefficients obtained sae in rasonable

vibrational levels within the (3) state. going a 0.75 a 5 ~ ~ t ihtoefo cranohr*~tbnsi
thoe" cases where '' prison is Possible (Table (11-21).

oaster (0.1 nm resolution). it was Possible toThrae bO difensbtwntee
observe at various wavelength* and measuare sockhesrmns nwl s hs tMnl1 n b
lifetimes where the transitions from specific uaumnso dea 11 hs ifrne e

vibrtio" sate ag moe Pomient noDemtedparticularl~y Striking for quenching by X& And N2. when
lifela~ to v1-.3,and6 ag 24l. 211 nd 3:k nosesuring an Inefficient quenching Process, sample

respectively, indicating call a very slight Satiation,
putity beaoms@ Paramount, The trace impurities usually

if any, In radiative lifetime with vibrationalfudi ot OadR assB*0-92 O 0 n
eseitation. When monitoring the total fluorescence from 201 ftefv muiislse.tefrtfc
the IS) state, an averaged lifetime at 22.7 as wasacknwtob filt ufeesofRrM rbe
masured. It is comon when measuring lifetimes to

consider the effects of self trapping. Self trapping is1-).s ratcr atb aent ug l a

directly a function of the photon collection geometry. ie ihapehg rdeX n 2t nueta
trace Impuritis are kept at a basen minimum.

parameters such as the number density (optical density)Asrpte nTbe(12.qncigae
and the path length of the escaping radiation are oefficients f or the Species 8p5r21, CO 02 O. az sdd

critcalin dterinig th exentat rdiaionSr
2 are larger, by orders of magnitude, than the

imprisonment (self trapping). Since the masured
quenching rate coefficients for species such as Xe and

results f or the radiative lifetime agrees with the

results of others,
12 the sitent to which radiation is 9.I sesaikl htteefcetqecigo

8g5r(Bl produces ground stats Rg9r species. This would
traped i sinmal.reqaire greater than 2.85 eV of excitation to be taken up

by internal states of the quenching species end relative

translation, between 5g9r and the quenching species.

Usually electronic to vibrational (3-?I energ transfer

TABLE (13-21. Rate coefficients for the quenching rates are only efficient whles the two States are an near
of 5ga~r(52  

) -2( energy resonance.1 5 ' 1 7 while electronic to translational

quenhingrat (21-11CE3 . Cmmens ,-f energy transfer rate@seae efficient when there are

secties coeff icient molecule SG-)long range ittrsctIONS between the colliding pair. 1 8

this orks otherworkOther alternatives to the quentching of Rg~r(51 which erg

(370 1) me* likely, ace reactive collisions

"Sg 2  (23.0±4.0) (17.013.0) 14 say react (gS""31#0 2 -), 8pa'S 02). It is possible to assess
CO (.4*.61now-onoLTOthe contrihutionsato these channeLs by lsse induced

C02 3.70j? m-r~civefloor*seence (Lill of seO I Ilea(%-A To . 24.933 cou1 1

02 (92.tO.1 my oastand 9g (119(6501~ -3 119(4
3

%) a . 4.51 e51. CO and

(4.51061 ma rC02 are efficient qunchera even though chemical
82 (48*0.1 Wa reatrcection can oft occur. here it is believed that
SC2 31.04.0) (29.1 13 my ractcollisions with spor(I) Commit in a transition to a

(55. 11.0 14dissociative p t etil curve of 11p111 (915r(A 2I?) is a

is (.02e.041 (.03 13now-omeierepulsive artace* which has 2-fold dequerIT (see pig.

2 1003 (0. 703) 134o-ostv (1-21). It is amlea, at this time. why M2 is far leas

53 i0.01 (i.004) 13nonreaciveefficient at inducing this transitioe. At first
(0.444.05)inclination. ONe would espect CO and M12 to behave

'Thequoed ncetainiesacestaistial.andacesimilarly Since they are isselectronic. bet in fact the

eve todarddevatin$.charge distrihetien in U12 is symsetric while in Co It is
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boads Which cam enhance the tatereetLoa with the 14.G. mena, am. tlaynat. Al. PUTS. Lett. U. 324
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can cause the Potential energy souface. theee which 1. loops. S.D. Batch ea., (Speinget-verlag. New Tack.
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Scallision (bV at V'-22 is 140 CO-, While tf at 300 9 In Order to measure K, absolutely, it is necessary to

is 200 co'i-. tnow all the corresponding terus in Squatloc (31, but

Th e ace variou schemes with which gromd state for a constant Z1n and -Z, the parenthetical product is

radicals can be sonttocsd Pour general prfceese aic Lra si t. ThIs provides tot a method with which to

mentioeed. gSorlX) radluals can be moniutoed throu" 1) meage taa n pepelatiom changee in stats (I). L

reective processee (where one or mere reaction products enhance* the te.tique by insuring a large incident

ace obeorved). 2) Lonization proceae (electron impact photon fluz and a high degree of .onoch rmacity.

or other charge tramfer proesses which leve toni ed in thn chapter reauts see presented tor the

or excited species that can be uoaitoredl 31 energy coL.iatoal deactivation of uuna of vibrational levels

cronsfec processe (Isg range Intersactione o 8btwave in Sqa c(3l via LIP. in sJr (3) eci e. it La not

escitatio wh c *aItes the ground stte cadical), ad possible to optically samtor ledividual traneitions,

4) lasr induced fluorescence (Ut the excltation and but it is possihbe to monitor combination@ of v" levels

Subsequent rsmisioe of speci s via optical escitarLon. Siultaneously. PrOm coapetat Calculations, the

i.e. laser). of the foe pcoceesee mntloned, the relativo absorption of the atrongest vibrational

proOlng of ground seate radicals via L? has particular transitiona within eab group see determined. Two sets

appeal, because the technique can provide inaoruation on of experlents are discused. The first eszpetient.

quentum systems with minimum perturbation of the tives results on the time evolution of thr e different

enmeLe.
$ 

it is limited by the acueeuibility of the WaM of vibrationaL level demattles which are quenched

desired radntte wavelength. ad the Maaitude of the by Be. ?be esualt ohm that vibrational, quenching is

transition coupling matrix element. The simple efficient down to the lowest v* levels that wore

equations which rltes the LIP emission intensity to tbe Monitored. Zn the second experiment, results are

various quantum paraetera ace given below. It given presented wherein the tae coefficients are measured for

that ther* ace fU senWIs (Numher/cmr) in am initial the net removal of vibrational densities in the lower

lower stat (a) and that to- is the intensity g8r(-->X) laoser levels (v - 22) by various species.

64 6

lerq/cu
2

-sec) of the incident radiation with frequency The cete coefficients are late indicating that

tRe then the intensity of absorption Zkbnm can be simply deactivation of the lower laser levels proceeds

written as efficiently. Theme masred rate coefficients, for t.e

collisional quenching. are recast to show some

correlation with the polacri bility of the quenching

where Sne is the tinetain transition probability for partner. and furtheruore, the Abhoerblg-Spere model

aheorption and AX is the thickness of the absorbing With van de 1"sle interaction is presented as a

layer (the incident rOdiation boe a a"ued to have a possible scheme for describing the quenching msehanism.

constant intensity over the whole absorption line

width). Subaseqent to this aheorption. a pepulaton

lsbhfm(hvao) ti formed is the excited state (a).

neqlecting coilislonl effects, species in state (10 can The eperimental arrangement is shown schemstically

emit radlatios at a rate given by in Fig. (112-1). Vibratiom lly e cited 1gqr(Z.v(1
mS 

*IO (2) molecules ar produced via ASP laser photolynts of nqsr2

vapor At in Ma

where a is again the poplatio in state (a) VM the 5

emission frequency, and A. the transition probabrilty sqr 2 * (3()IS I.) -) 5glr(5) * SrIPl/2,/2| 3

(tinsteln A coefficient. Am* is proortioa to 1i4t(ga -) 5sre(ZtIv) # by (41

f~ft/m.)
2 

where is the Matrix element for the Different xzas of * lavels are monitored vie LI?

transition). If one aombines fttionm (U) and (2), the using a pulsed dye laser. The time evoution of the

emission intensity 1me
° 

i celated to the initial various Sini of v" levels can be monitored by verying

Population % by the equation the deLay between the phetolysis and dye lasers and

Tern tio"asmtAzh vaw) recording the change in the peak LIP signal.

.. . . . . ,,



M .he sample chamber, detector and recording

electronics are Lnside a large screen room (Faraday

Cage) which provides adequate isolation from the

electrically noisy Laser sources. The output from the

ril. (1zX-11. Schematic drawing of the experimental Act laser Leaonice. 193 na. LO0 NJ, 20 no uha) to sent

acTuR m mt. A typical dtom from the Late the seten room and enter@ the chamber unfocussed

ttrmaent digLtizet/sa l oeea"t through uprasll quartz windows. After a proet delay,

showing TI? followig" Art laset pbotolyste a P2 1ser pumped dye 1ee0 (RA0. 02 J, 0.01 nu

of "Sgr 2 is Indicated in the upur left reslutionl) is directed Into the chamber and crosses the

h nad corner. Tine syolntise if obtained Arr laser at right singles in the center of the chamber.

by varyin the delay betwn the Art A"d Lr is observed at right angles to beth Lamers using

dye Lamers. eob datom ISn av ae ge either a teaacope/gated PH? (33!, 9459 03. 165-9O0 nm,

of 256 traces. "h gated MW diSCri- 10 ne rise time and I ws gate respense timel arrangement

Lsmtee against th* *t-*o oUmLsee sd or a telescope/momchreomator/lU? (2C6 8575, 260-630 no,

makes the *t * end r signals comp able 3 n rise timel set up. The senochromato (Jartrl-Ash.

In magnitude. 2 am resolution).and gated PHT ate sed to discrimlnate

aganLft the 3->t iNIORn free reaction (4). Signals

from the PNT are digitised and awersged (iomnation,

Treec Nerthern. 10 as gote ot the Nicolet. 100 ns gate)

until adequate signal to noise (S/U1 Is obtained. A

typical signal averaqed datum is sbove in the corner of

Fig. (l-)

LI? ezpeciutms are usually plagued by copious

amounts of scattered laser light. To alleviate this

s'0

problem, it becases of paramount importance to design

and build a fluoresence chamber where scattered light

can be efficiently rlected (Fig. -

0 J t The equare *pLlbos Li the center has a voluse of

p 20x222 c*3 and Is made of black anodized aluminum.

Almnum GaM be easily machined and has reasonable

corroeion rates, when in contat with mercury compounds

I(able (111-1) gives some corrosion data). On top of

iI the chamber there is a carefully machined flange which

F1 makes with a telesope. the eoneehromstor and gated PHT

I! I apperauss. Is the tolescope section there ace also

I. I three trase whlbc allow quick Insertion of filters.

I Iminmesm. ea, in the observation path. The four srem.
I each 46 cm long. are structurally belted to the chosbar.

UA !iThere are als 0 ring seals which allow ecuation of

II ~the arma. is each arm there aree several baf flea placed

:1 is sequese. eof baftle in the sequenee has a Slightly

-------- smaller aperture asiz. Laser light entering the arm

get gentley tapered by the sequene of bafflee. The

C chamber. teale--e and arms efficiently relect all fore

of scattered light, allowing the convenience of doing

tzperimeas with the room lights on. Inside the chamber

end in one arner is a glass wette. Xt Is filled with
glass beedo (2 m Dia. to enhance gas sizing) and the

AIJSN2LM ' YVDlS



photO g ernats contributes only a very smail amount to

the observed quenchin.

$I99 2 Li Stelt akalyzed Oeeqent G9ade and all other

TAMIJ ( - •). CorroslOo Ota tot Retal5 And ag oe are AJLC reaeeecc geade tS9.99S% mil).

Voen mal* v&th Br2 and evalc.
•

,rtale/ Or3 Rq]t2 la

man"Ntos tipettatLoea/yer) (pentat-Lon/v
e

n 11101MK molecules Ln high vibrational levels at*

produced via reaeiona f3) and 141. These species are

umsa 20 sills (0-2200F1 >50 mILls I60°40 subeqontly deaaCits by moLeOus colisions and this

Tutm <2 sil (40-004P) (2 ills 60-200°t) tolasetion can be monitored via LIP tcom different t"

stass )S0 CLlS 00-10047) level%. SIngc the dye least may isoi tage ly excite

arena )S0 Slub Mto-Lo
0

rl maoieee trom seval e, the asurements ptovide only

copper il0 milli 160"LY (l the time evolution f ILsno M of V7 leve s. Thig cen De

son in rig. (111-21, whet showO &to the vibrational
Stainless

(Stoat.llll) C20 sills (60-1400ri levels which asimu i litaneouly Sonitore at tot probe

ftrqu cie used in the expetuent. i s e Append A for

Soco tlicote a summary end discteion on the clcuitlons Ln

Ines mertal resista t (60-200°P) V staUt (9"100t1 generaetinq PIg. IZZZ-2--)). This overlap of varioo

vibrationl transitions in unfortunate, but inevitable

given the high state and s9oecrAL densities of 3q6.
lltereftece k6.

Three probe frequencies were used, they correspond to

high, Intermediate and low v. Figu.re ItZ-1 shows

date wherein the time evolutions ot the three groups of

Sgr.. goggle (White powder). The cuette La also

wCepped with ni atoue wire which allows th samule to be

heated to 1:empe aturt eacOed1o1 3T3 9 (LOG eToCt Of

agar.). Quenhing gases are, brought La Igo& the bottom

at t.e cusette and six with S'1'2 vapor, fag Saturated riz. zU-l1 . Computer aeiculations of the absorptlons

gas exits through aevrua ftin "osalom located 00 top of O various beads fot L? at (4l 213.5;

th* Covete. The mossla ineure teht 1 slow flow of the (hi 24,6t cm"
1

, ad (c)-ld)

sittute will poe dirotly thre " the obse vation 19.924 cm
1

. Aheoartions follow a u nd's

region. The chaser an or" a,. erOemtsd "in" 8 3O0 case (a) coupling seem, t ot 2 - zr

I/vin toog page with a Liquid N2 C*4d ttsP luied with truositon In 5S
7

t. .1no stren~t sar

'09er tuzra-ing The cold trap servos to both protect from Kovas end the curve wes ttd

the pump, by rpping Uos corrosive game% ad alm to by tuIfing 120 totatIonaL 1e1ls At A

inhibit ol Vapor from th pmpOM in C4es010g the temperature of 300 K. The absorption* of

fiuoresecem cha ber. Tot"l prsstre Li t ch amber to the other abundant isotope, IqS1t, are

measured with a spacitauso maftuotoe (RUl 222 28-P-I01 shifted 2 cm- to the blue. In Wl-(c.

and toapoettto L measured with a thoruomoeple loceated 4 flat distibution of v* poV0letioaS in

at tape ete Pert of the @505tt. The chobst Is ued to Indicate the larqgt ?rnt0-CoPodAn

cmntinuolyI pumped in order to Inmise,24 iglt2  factors neat the probe frequency. In W,

conde aoltlm on the mlls and the Iong befOfld ar r nascent V* povlation produced via

further prevent coadenmstol o the windows. T5 3eactiont (31 and M41 set *eed, set.

present epernients wets dov either 310 t oair 333 S. namst V populations are napped onto the

presida & agrt deasity of approxiately 1i12 &d 1g3 9 levels **Ing ¢twon tr h ct-Condon fee-

to30At thin deesity of parent spocies. qseeching Of tore. woes that ech group of v, has its

$Ill,v*
)

by udisstated parent *eleftlas of own sit of arbItrary units.
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lo Ieels are Mnsitored. vibrational deezitatilou is

due to collisions with ft in these ezperltCl. rhe

coZ"ettio at toe i aub wreter thak 16"Cr2 11 so

dectivationu by parent species is ezpected to have a

nelaqible effect- The temporal sbapen shows in

fig.)IU1-3) are couples, especially for FLe. (11-lb

and 30). Although state specifL rate coefficients 0

cannot be estracted fram ma dista. there are seversa

relevant Conclusiona which can be drawn and these ate

smsiased here.

() rat .v 312 cu
1 

(the intermediate giniR).

o ptimarily monitors v -? and 1. vith smaller

contributions from v-4 and 11 (see Fig. (IU-la).

These levels are scantly pormnated at t-0, but develop 0

Larger populatlione as the higher v* levels are e

efficienatly doescited. The rise portion of Pi. (X1- "(

3b) depicts the tillm of these levels ftm upper e b

vibrational stateL The ria* tie* of th signal vearise *9
o
e

C CD
with Rle, and the slope of Trm vs. toe) is linear and 0.

equal to 2.3suO
T
s

1
?ort

1 
(as Pip. (U-4)). This I t I . 1 ]I I II I I

&ndicatss that molecules are efficiently transported to o-
Intrmdiate vibrational levls, bet It is not possible INSlS Jl AV~d

to Infer state specific rate coefficients from such

data. The rsthoc flit reqlon (It S Ju) Is interpreted

80

FIG. (111-3). ime evolution Of the pot LIF signal, FIG. (111-4). & least squares fit of the initial rise'

monitored by varyia the delay between portion of "he curves in Pig. in 11-31

photolysis and dye limi53 s W-0 is vs. Be presenet. The rise portion

coincident with the teuination ot the describes fi ling of vibratlonSl levels

Arr lager output. The dye loser probo which ate orlginally scantly populated.

frequencies ace (a) 19.124 cNm
1

. (hM

23,3912 
"1
. (C?) 24.639 am-

"
. to" point

in (a), and the tie portions of (hi and

(c) reproemts a average over 2043 laser

firings, wbile 512 fiLr* were adequate

for points in the flat portions of b) and

(C). The data M in (a), i and fc)

ste offset frOm ne slethec for aonVow

isficel vertica~l acale* (in %rb. units)

are valid ILthia each a theee sets of

data but not U&MAM differnt ets Of

data.



Appeadia I foe detailed discussion). As one can see

team Fig. (111-2d) that aU absorptions are from

mole~bee v122, Nolecules With vIC22 have absOrption

peaks tat removed from the dye laser !requency, making

vT-22 the lovest level monitored In this gan v122
also happens to be the ground state for one of the

strongest traAsitioo a the 5gAc(D'->X) laser.

Therefore, after a number of dolliiaons, aeorption from

rl22 will de ease relative to abeorption Rear vwIL

' The LIP time evolution (see Fig. (111-3a)) exhlbits this

• €by now-etponential -asecttr at sort tiames, followed by

a long, rather esponetiaeL tal. This is indicative of

the nt removl of molecules through v*•22. tough

state specific rate coefficients are iot possible, rate

coefficienta for the nt collisional removal f these

levels mn be measured. In a subsequent experiment

these rats coefficients were measured for vagious

'ollAiional partners.

In the following experiments (all at -1 .924 Cs
"

I i 1 all the quenchig species (NRj, which wet chosen have

17-5 150 1e5 2 5 2 0 emaulL absorption cross sectioe at 193 n u.''
1 

Insuring

Ho PRSSURE Ceifo,. 300K)
that phetopeoduct. fro* N do not play an -portant role

La the experiment. to additioh, since the physical

quenchiLg of the Igo($) state can proceed through

94 i's

aaa quasi sted7-rtat. situation in which molecules ac seversL distinct pathways, It is imoortant that the

antmrLnq and leaving intermediate v6 levels with collisional relaxation of nga(r) be sinimited. sy

comparable rates. Although not shown in pig. (!II-3b). using low concentretioha of ni, one could he reasonably

%-he LIT sigaal falls rather quickly foLlowLng tbe sure that the probability of a collision and possible

*flat' portions hows in Pigs. (XZ-3b.3c) (net removal deactivation ias small. The r"ai of sqsrl(X.n' hy

rate coefficient . 4zL0
5
'a~tOtr

1
I. Uis I s h further collisione is complex and can generally be represented

agreem4et with the flat portion depicting a quasi- by( for a given N.

steady-state situation.

(ILI) Por 24,553 c o 
1  

oem primarly monitor. Vat (11sgreIIv 4ieJ

ve*4.$ and 7, with miloar ctzbttet s drom v'/3 ad

1faoe Pig. rZZI-3c). Qatt~l h eairI

the sae as with -2,32 co1
, 

indicating that12btalo.Fig 111-ac)y uLaivelyth behavior is{kMV fsJ{W*r.~'}f'-

moecules are rapidly transported to thes low

vibrationa~l levels by collisions with 3 kglNgrX.~

199,24 cm'
1

, thigh v), vibrational knV"vI~q~ r(X.Vl- ()

levels with v122 are montored. Aelyeis of these

sttes requi" Note Careful rutINy becaose where v is a particular vibrational level of Nqar().

vibrational levels near v-.22 a&Io defie the lower k*"'is the rate coefficient for collslonel energy

5gC(r1-) laser level. In Fig. (111-2d) the relative transfer from the state v*+i to the state v', and , and

aheorptiona Of various baods for LIP at 19.024 ce
0  

have J represent the manimum number of participating statet

been calculated using UaWM v' levels produced via above and below vO respectively. It was assumed that

reactions 12) and (4), Thus ground state distrib~ution all qanching is via co!llisons wth N and that the rats

is derived by mapping the nascent v- levels onto v of diffusion out of the laser bee La eall compared to

levels using known Franc-Condom factor 10 (see the rate of collisional quenching, which is true under

'toe()ad() 

hsgon 

tt 
itiuinalqecigi 

i olsoswt 

n httert



the condItiam of the esperirnot. vegutiu. Is) snows

both forward a reverse P9o00ase u laCt the vIbrational

quanta ar very mll (146 e
"1 

at V.U , with ST. 245

=-I) .

With both seerce and loan tonus Las Eqatio (5), it

beComeS imeelible to detrexLtm state specific rate

cofficie Vee Nomiaurting 1CM.v71 (.t), ht

fortuamtely, by dot"m Lip atg - 1g.24 m
"1 

ee really

probs V)22. so it is tbem psih.LW to aseommie the =

removal of q orms-) thugh" 9.-M. Te ospecimnotael

signals . Show ezpo ential 6ey (me. Fig. (T11-S)"

supPoCtLn theme calculatioa whkio show v--22 to be the

lowest vibratomal level proed la the ensasle ("m

Fig. (ZIX-211. The remeval of lqbrfz,v) by a speies

can be !it by the equation. -'

S'n , (4)N
where k R bears 'to le felat.iOtlSbltip to the t I 2q.

(51. nevertheless. kt indates qualitatively the Cate

coeffictet ot IQ. (4) and Is in fact the more relevant

parometar as fag as "of lase Oacarste Is comered.

2fpiCA1 data from which f,, are derived are S kews in

Fig. (III-4) and the results are somumarird in ao e I

(111-21. ?he rate coefficients are very large for all

the quenching species use. The very l cgte rate

85

FIG. fil-U). ?tme evolution of the peak LI? Signal FlG. (111-4). Typical dta fro which k
v
'
- 2 

-or Ar

aSo monitored by varying the delay between are derived. The curvature at low

pbotolysis and dye lamero. rach point pressure shows the Off et at "r in imt-

tepremnts as average ot 512 traces, with tnq diffusion at fI9r from the observation

the origin of the tie @Cal* coincident region. . lvIng tor random and

with the termination of the UP leastr Syemtic errors, the uncertainty in the

pulae. The data is wn, wete tAkes with @lope is L l0%.

3 wyrt 999r 2 and 1.2 ?ort W2 .

[i + - II ... .



coefficietm for the net omoval through v*.22 indicate
that the lower ler(6---I laste Level La very

officient.y deectLvmtod ia the laser eONWionmsnt and

there shouLd be no Salt-tetmLnation of the laser oseput

doe to *metastale" vibretionally excited ole les in

the gto ud leO4o1GiSC state. frtherNOCe. is the Laer

enwirmet (809er8l to.), vibrAtieoe relamation of

the entire 
2r1L 2 meni o i will be omplete ia & tow

no. Tha. in any prctical I"of labor device. "*fy

4:an be outracted from the Lmer even wesem toning to

4- rqueacies othrt tha thoe with the hLineet gan.

us

.It is oatea plNaAag, at least from a personal

.O UEINCING RAT1E point of view. to Catconallso one's Measurement& in

i q e (. Av 2) light of exloting theorim. Thin to an mifually

S'fAW. A.1O ., -, arduous task in the prmeat situation aed only certain

facture Will be nticoed VhLcb sum reasooable and

worth Pointing out. First, the Very eMaul vibational
coo__________________ quanta ate, consistent with efficient vibration <-)

Ar PRESSURE tow.t335K) ttansgdt.Lon excgeAo. ines0 2g95 restoring Corces ar

coempabLe to the NIq"Rw forces experienced during

col.iions (-l0
4 

drne, see Appendix C1. Sscond, lat

P2

ham a large dipole moment 12.60)l4 and the trends

mALE 1I1-2). Rate coefficients and probabilities manifest in ?ble (111-2 sbow an interesting

for the not renova of Iqgr(S. wl-22). correlation between polariza l ty and energy transfer

Probability (gee Plg.(UI-7)). The observed trend givesquenching rate cosfficiemt
5 e  

p tob11Ly
* '

b poler-

confidence to try testing two appropriate queneninqspeetem (31S1t) La uaim of isblityC~

modeas for the deactiveton of mqez(%.v-j species both0
" 1 

omitm of

e10,24 =3nodela use me attractive aM dnr Wlu dispersion force

(-C#/t
) 

as the Latecactioa potential. ror the simple

ie 4.4 0.0"4 0.204 Case of two interati g, partial . the quen.ing

He 5.9 0.264 0.400 mech si Li the first mel (Orbiting model)
4
'

1 5

At 11 0.490 1.64 smne that a fraction of a of thee inomaing

tr 11 0.675 2.40 trjectorlee with initial tinetic energy C which

Xe 14 0.874 4.04 s ot the cestrif"uOL bactiet lead to quenching. The

02  11 .14 0.79 effectIve potential and the erose setioe ere given by

2 s 0.442 1.76 the emtionm.

02 aI 0.49 1.0 " re - .C/r - zh/r 2  '

ace estimate an experimental ucettalnt of O, op * it b
2  

v z(3/21(XCv/11
1 / 3  Ii

bo Pesitor of the barrier (at r,( e veil as the

ineludLn random and possible system tico errors.

critical impact parameter b. for energy i can besbe probabilty or ot he net enewal of gr(s~v.-211

detormled by the simultanoes relations (Va
1
. f - ff and

is defined by Iw - . t/(1kA /'a )1/2 (r"+r~sqt) (4Yeff/dr)o . 0.
1;1.21

Closel related to the Orbiting model to thewhere tS is~ tbe rte coefficientu se celllmi18oe

Abobing-Spbrce sodel.4-
1
,-4 which assumes that I"

reduced am, and n and rg, 0 , ace the gae kinetic collisions reaching a critical ditance r, lead to

tedii.12

rpoim iillues ace takes from net. (131.

..... '7



quenching. Using q. (7), the cree sctln. for the

Abaorbing-Sphors model. s qi ven byl

0 ,3 
2 

TO c
2

( 0/(Stc') (9)

by calcu atinq the C6 interaction coefficient for the

FIG. (111-7). The probeaility of net ramotal at various quenchina partners of spr(,Z), one con teot

*0r(Z".w-22) vs. polaris bLILty of the to see which model more closely resembles the quencblnq

quenching molecule. The ptab"iteu of qmGc(x.v'). A plot of Wm(OO) vs. 13(CG) predicts a

show am almost memotemic Lauzea.o with slope of 1/3 for the orbiting seoeanism. and unit slope

inosessing polaciznblity. for the Absorbing-8phere model.

The especiueatal ceaults at Table (111-2) were

plotted against calculated CC coefficienta. -be a were

calculated going the rolatiom 70 vttoreo t@ 'a

the measured qu*enc ng rate coefficint and <v s> is the

average collision velocity. The CC coefficients were

calculated using the London farsula.
1 9

'
2 0 

The London

formula gives CC velues which are found to Ds 15-201

smaller than the more reliable Slater-EIgwood

formula.
1 9  

-he Slater-Ulrtwood formula was not used

because It is more cumbersome.
2 1 

?tis discarepenc

between formulae wee removed by increasing all

calculated C6 values by 20%. Li ted below are the

equationa used and Table (111-]) lists the necessary

parameters end coslts. For two intermting species (a)

and (b). the C6 is given by,

96

TABLE (1:1-31. The C. coeffelents for the Interaction

of sqgr(X.v'( . A.

Quenching Polaris- 2001- Ca CC

u species abilLtra satiob (1105 (u1057
(10

" 2 4
00

3 ) 
Potential ergs-CM6( ergs-"cm

0
M " (10"11ergol

- ffqar $5.0c 1 .9 4d 737.0

N3 oe 0.204 3.32 0.0146 0.305

CY Be 0.40 3.45 0.0490 0.590

SAM 1.54 2.52 0.61 2.10

r Krt 2.40 2.24 1.23 3.00

re 4.04 1.94 2.34 4.80

C6 - 2  0.79 2.47 0.135 1.00

*i 3  1.79 2.4# 0.60 Z.:3

02 1.60 1.,3 0.44 1.80

* ameferee (1)

N -" tef erae. ' (0)

A *ZbZX)ig~w ;O eference 122)

OAOawiJ tou ;0 UO511o ,ad Aj!qOqOJd dlteferonce (23)

.2



Cf - cub , 2cCh/I Ib4 .I .a * (a 5/ob)CbJ (10)

and using the London formulea,

ca.* 3/4(e82i (I.P1 (1l)

where am, gb et the respective polartabilitiee fg

species (a) and- (b), (ZIJ) is the Species Ionation

potential end Ca or Cbb arm the Cs for like

inteactions.

Zn figure (111-6I, a plot of lflCgC vs. L&(Cf)

abovs the data to be note in alignent with the lne o02

Isope . Aithe" Vaxicm apOxi mJos were sed in

testing of theme two quenching models. the Oberved

nearly linear dependence of oQ n CS could imply that 02 xe

the AhsorbLnq-5phate model is note appropriate for the r

qoenching of vbcationally ecited 298r(Z) 1pecle by

the various reagents turured This result given further

credafce to tbe clain that 292r restoring forces ario

comparable to loiter forces. n such coliasions. one - -

expects &UJ incoming trajectories and not just a pertial

" A&LLM which pas the critical distance, to lead to 0 :00 1000

quenching. 
C o se'W4-cm)

100 O

hsnd=.M 12I ~al SLUOU "~aA" n ol ILAIAl/2

Fla. 'r:?-8). A plot of the cross section I Rather than just diAplay the computer prgra used

vs. the Cs interaction coefficient. In the simulation studies. It is perhaps better to

,is defined by k/<v> whete k is the outline the crucial stape. listing the Important

meafured que" hlng grate coefficient and equations and discussing the limitations and results of

(v), is the ever"*e coisuion velocity the comueter program. Zn this appendix an outline is

tefind by <v) - (#k? )1 aeroew presented fog simulating optical. transttos from v,

if the colliston cofeed massmd ? 33S 9. state* of (1
2

r, 2 ) to v states Of (3
1
2 1,/2) in NT]1r.

The solid line ha, unit slope whils the It is expected that the vavoelength for all similar

dsmed i dram wits sloe 1/2. tansitiom in the other abundant isotope *|
1
15r will be

shifted toward the blue (higher energies) by 2 co
"1
.

Any realistic analysis Of Optical aorption In Ig(rXI

east Include Isotopic efeats. The following analysis

is prepared only to ebow the jeneral absorption

characteristics of the radical 3ghz. The influenc, of

molecular rotation on electronic motion arm considered

by using the coupling aOhwaiO of lnd'l case (w).
2  

In

this came the spin S vector is either weakly or not

coupled to the internulear main. The total angular

momentum apart from spin is designated by the letter 1.

inclusion of the span 3 vector caues a 2*1I splitting

101"-



of eech K @tat* (J-R*Slo Por a 21,)21 transition, assuing a continm of 3 states (the rotational

these appears two a (J-)J*l) brachues and two constant for ellx is - 0.04 m
" 1) .1 0

P (3-3-1) branches. aging known speCtroaopic " k*/9 (Ali)

coastasts. one can write the rotational turn valueo for The spectreopic cmnstants S* and Be, were also inputs

the ntd's case (hi coupled molecle. The two series into the simulation. while the second order rotational

(J-1/2.J*1/2) men given by. constants D'. and 0.. are calc.&ted Guing the

Y
1 (K ) 3i /i |  " v 0 *e S g ( 3.I ) -_'D0 , (K I ) 2 oI/ y (g + l | (A ) eq u i o n s .

r2Vg*BoZ(Kl)Ol(3+1)
2

4l/2TV (A.) D, . D, * B(v#/2) (All)
Do a 4893/w92 (A14)

where B," 0, sd a" 49e the Ipeeeage caeteta end where 9, and we are known spectroscepic constance.

0 ts the head origin. Usi rI, P the following Becsme the ter"e age very smell, the progrea did not

equatione display the p and a type transitions between include the v dependence of Dv(D, * Dal. asing equation

various energy states. (AM4) the paraeeters 0,. end Av are .l8zl0
"  

and

Pi * 4 rl'(S'i) - 'I
e
(') (A) L441l0

"
9 respectively. The splitting constant V tn

Rl - .0 + FI*(1+1) - rFo(K) (A) equations (Al), (.2) is very mall especially compered

P2 - '0 - r2* (K-I) - r2e(R) (AS) to the ev term. In the program y ws asumed to be

A2 - -0 + r2'(t+l) - r2"(K) (AG) zero. although this "aie" r(I)-P 2 (K), the *'ect' of

in general the intensity for aoorptiom via dipole Splitting does not necesearily meen that rotational

trensition between two electronic states is gilve by# terse from r(g) &ad P2(91 cannot overlap. The

1(v) - Cl.(ReVv' !,elSj.j.(e
"
F(J/(k?)) (A7) splitting doe linearly Increase with 1 (1111/2)), but

Oro* this effect is assumed to be negligible over the number

ofl K levela considered.
where Me. is the populatin in the gred vibrational

State v', R.
' "  

ee derived from known i centroid.
2 4  A computer progran was developed in BASIC which

calculated 1(v) for a number of vibretional bands

104

(v, vN 2 are the Pranc*-Condon
1 o 

factors, and S3 j . is situated ner the laser probe frequency. ech

the line strength. The exponent tIr gives the relative transition band was separately calculated using a given

number of molecules in the dif:irent rotational states. vibrational population, and a rotational temperature.

a, nd 0, are the state vibrational, rotational sun The calculations included summing over 120 rotational

(partition fuection), ad C is a constant. In this levels. In oevence. the computer program generates a

simulation the vibrational poplation R. in always an linear e ctor matrix where each element of the matrix is

Input. therefore OV is a state n. Poe instance in the net abeorption 1(v) for a particular tramition line

rigs. (fl? 11(s-c)) all I,* are Litially assmed to be of a rottiosvibrtion band. te vector eatrix

equal. Indicating at a glane thee transitions which includes all four branches (3li 2 ,PlP 2 ) of the

are mo pro ble bea" of large Prmah-Cndn Particular absorption band, Because of the large number

factora. ?he variation of aelv
e  

with v* is expeced of transition lines, the calculated vector metrix

to be smell and in each aimulation it was assumed to be contains an enormous nunher of elements. eaing it quite

constant for the ensuble of v- considered. rigs. (Ill- Impractical for plotting on any sensible scale. it was

2(a-d)) show that the vibretional levels, which ba" necessary to eNtablib a mathematical slit function.

stron borption cres s ectioes at the paoed laser wherey for a given alit width, this function would scan

ftequeno y are near each other. ll Fraock-Condon over the vector matrix reducing the number of elements

factors age inputs into the simuletion and the line by averaging over the alit vidth. Within the slit

strength*. Sj. , tor 21 -), 21 transition are taken width, the integration is a weighted aveaqe with the

from (ovens.
9  

They are listed below, term value in the center of the slit given a unit weight

It - (3,2)(3e1)/(K4$/2) (AS) of I, while the e on either side of the center ere

2 " ((+l)/(Kl/2) (AS) weighted sequentially 8as$ according to their distance

Pl " (K1)()/(i+/2) (Ala) from the center. t-ch transition band is plotted before

F2 " (-1) (i/(-l/2) (Lll) proceedin with calculations on the nest bend. 4ll
The rotational partition function 

0
, is calculated bands around a given laser probe frequency (see Figs.

lis" "



(UII-2(a-dll. laset frequencies Indicated by arOv@

are normalized (to an arbitrary set of umit). Relative himnd~ai Limbu S na~Msa xv. huJ. inaZJil h
amplitudes cannot be obtained betwen gLZLgi gops, sutI c I/)__ m u z: =" at AIhk(

2r/23

but Only XLdj.L each group. Ia rigs. (Z1-2(a-dl) the

simusltion bands all de4rade to the red with no The nascent v, population distribution in sqor(l)

distinction betweem P and a breanches. Given the agerage are derived ftom cealclations by Cool et al.
25  

The

rotational constant a - 0.04 am -, it is poeeiblo to synthesized distribution is shown in rig. (111-51).

calculate the aeratleof of the P snd A branch peas. Also knowe are the Frnct-Condon factors for the vaicous

The speratlon is given by, "V->v transltions.
1 0  

Following 3-)Z emission, the

PtL
x 

- (21*1/Cbc)) /2 .I population distribation in the ground (1 I,12 manifold

can be calcmlated by using the following equations.

t 1300 1, ft
R A

l - 8.2 In, indicating that for this

Iolation the P and 3 branche will be nmregslved.

In Ng~r. calculations show that fv~,
0  

f(v) I f W) AT,. (52)

therefore the band heed is eapecftd to form n the R
branch (short wavelength side of the origin) and A,., * (Vv' v)( 2

degrades toward the rod. The separation of the origin f(v) * f(v')(v~.e)
3

XO
2
!(vv)-

2 
(24)

and band head can be calculated, ad for an average hand v

transition it is only 0.13 cm
01

. Us it is
where Eq. (31) describes the emission intensity for a

expected that the origin will essentially be the band snle v-v transition. W,. is the popuLation in

head.
level v', AT,, is the Einstein A coefficiant for the

The aleulatlona in Fig. (122-2) ere tested at transition and uIe is the transition frequency. For
different rotational temperatures (Tit 1150 1 around a given v- state population distribution such as (v'),

300 K) and it was found that the bend snapes bad only

10-

slight dependence with T . Al tested were the number

of rotational levels which are- summed over. At a givtn

temperature, the band shapes are quite sensitive to the

namber of J levels used. !wt somaing grater than 100

rotational levels showed no appreciable change in the PIG. ( Nea-tI) ast vibrational dItribt.On for the

curves. All curves in Fig. (111-21 are generated by 1
2 r 1 / 2 state of 3gar foLiwing 1 ns

summing 120 rotational levels at 300 a. photolysim of Ug9B2 , The distribution

Includes processes where both t(2pl/2

so act21)3/) arm producod. The curve

is taken frem Reference (2 5).

'00" 1



&console to calculation.

Lf('). CI(VIr• I 11 v*S1
1 

2 (2)

Table (111-811 lists the normalized 90w1

distrietilon using the diqitifed vs l es of the nascent

3 i distribution In 52 T/2 The f(yl) distribution in the

o table &te for 22('4. A complete f(vI) for oil l was

not necessary in analyzing the Oalspisntal. results of

Chapter rzr.

0 4

(L

0

~2L

1} I I
6 12 18 24 30 36
V', UPPER VIBPATIONAL STATE

the ground state population distribution f(v1 ia

qsnerated via a mapping given by Zg. (32). biquation

(931 shown the relationship of A. to thO ttruitiOn

moment and Frsnck-Condon factor. Inserting 0q. (83) TILZ (ZI-S1). The normaliSod X2r12 ground state

into sq. (M2), one gets eq. (34) which relates the naent v population distrilatlon f2v).

9toond state diatsubutiaon f(v") to the various
Selected v ftlY

°

peramte.- Doinq the rnc*-Cameao factocs. M1
22 1.0

can be Calculated to within a Conofutt by IUmmL 9 over
23 0.93

the contrihtiong from SU1 v- ,t& ft FrthVereore. euch

cotfibut io east be meltiplied by (vvva
3 
tIlItao 24 0.0

25 0.83
f squescy.

26 0.80
Ln the calculation of ffv'1 fot 592(Z, the first

27 0.77
order approximation asi to otly COsI6der a number Of v'

28 0.73
states about the m umIS treasitioa oreclsp Lntegral.

Y <,V1 l for 1 vives w' gro'And State. A Due of 6 21 0.67

v Istates &eet i w I v-* 128a gives a set tzaitiot 30 0.64

31 0.62
probability which is vithin 155 of the tree total

32 0.57
transitio probability (suming eer lI V feo a given

23 0.55
v1l. Sine, neary 050 of the rm sition ptobility to

34 0.51
a gives v1 state cooe from a few neerby state* sbot

moso w', one can else expect that (V,.,.)] variation to 33 0.49

slso be small. As analysis revealed that 0. 3 34

37 0.44
variation to be less thus SO for a gives v. To first

36 0.39
order, oe ca simlify 94. (341 snd Iake it more

41 0.21

49 0.07
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generated force P equals 8210- dynie. Thi force ts

comparale to the restoring fores ot the $g9TLvS')
MAMmol•ce at v*-2l. Th calculations of Cool ot al., on

dAthe classicL turning potto far left. show that a

perturbation displaceenmt of 04.xlOl ca for v* level&

going eiomm fee the mlafcaL harneae neat v--22. result Ina u sange of state equaling one

oasllates, a figue for the reetoring ocoe oa be vibratioeal level.

otnelod within an order ot Staguitude*. s teot"

asesstant for a harmnic oeciattor may be deterined

from the equ.tion.

k * 4t~u(v...c1 (0l)

whele u is the reduced maes (57.75 an for 3t)
2 and

Uoc the vibrzation" freqecy. Tot the aal bulec

oscillator 296t, the vibrational frequency in the state

v" according to claasical theory in given by.
1

"*eso " c6G, (C21

va a €| wle-VolvO - 2wveze. (3)

where we and ve, are the kneve spectroscopic costants.

At v1-22, the vibretionel frequency v W (vL22) in eqoal

to 0(142 =-n ) 
giving a vibratioanL epring contant k of

4.84*104 dyne/ u. In iglr(cIv') the &"Lne restating

force occurs when the uolecule to at the classical

turning points. aing the above equation . the maxinm

restoting ftore F fo ffqr(1'v'z2) in 4ulO dyne. To

sake a transition betwee v* states a smaller

perturbation tores may only be neessary.

To ailctuxte the eorcee that Miqbt be experisnced

during 4 Nqfr.n colliAion usually reqires understanding %t.J. schLiitscbak, J.3. Colts, J.A. rios. hppL, Phys.

of the collision dynamica and the interaction potential. Lott. IL. sO@ (13771.

sle. the classical ball and opring analogy Is asd to 2r. Reshebg. nALWm la St= and lmLinM SlMLLL

just "t a qerCa. "f el fot the interaction forea. Z. A al LhAhRi&= iAAC"M Men Noetzand. New

Tot a gives translational energy the clasicol collision York. 1350).

will convert this ttamatloo.L e~ 9 of the R species 
3
2.4. Sacs. 7.J. Deqdiglae, Science UL 731 (19741.

to potontL.L enegy is the -oeiled- spring (bue ato 4J.S. a. J.2. colts. o.,. "to. J. Cun. P,,,.

eacillator Igft). The restering farc* of the perturbed IL 4157 (1) 37) .

epring will define the force of the collsios. TU& STbe cheapbr iO moedificstion of the the deseign y j.

assm:ption esseaes a nee adiLab tile collision. em which Campbell. JD. Campbell11 .. To. C. Wittig, pil.,

is Lapaiiv. InIs a diabatic collsio the oeellator Phy. Lett. 3L 412 (17T21.

spring bas time to accoodate itself to the collision 
6

P.A. 5olMpsitze, LauALM SAWLM Ilahisa. LL&L

and energy transfer becoms ine toeiet.
26  

2kM I=, OM Tork.

At 313 9 (experimental tepersamel the sveage 
7
After istalling the faced PIT, esperlments cosld

traslatial enegcy is 232 €O
"L 

(4.6410
" 1

4 ergo). The he conducte et 335 1 mad still get sufficient signal

potential energy for a becnomic oscillator is gives asp intensity, prior esperiment required a higher Ige 2

V * /I
2
tX2 (C4) density.

Setting the potential energy 7 equal to the si. meant. ad.. i ahmk al CaMaaz nd Pkwa
tes latismal energy o the 01 species (233 ca-'

) 
gives a (Cheical Subber Co.. Cleveld, 1573s.

pottuabation displaement of 2.-.1U0"802 in the 0. cowman, MIMIMaL U92ASM JA &MGM a 2AtLM

idealized Sqlt oscillator. With this diapleeset, the A OinAA 1Ahlerican Ilsevirc. NeW Tefll 1949).

U ',_I. . . . .. . .1 "'



%4-60 Chunq, T.A. Coal. ,). Quant. Speattosc.

ailat. Teamter U, It? (19M.

O1e1X. Joe, J. Chun. PVbu. U, 2350 1197). CRna Iv

US.* SiS es4eLd. C.r. uftia8g. M.A. tird. aL On"L Bak = tom a FSN 8q(9
3
Po) T0 3qir(xr,/ 2 )

nam at sun am ,UULMd (Jobs Wtley 4 SmS. Inc..

aom York. 19$41.

13A. filatnO, Adv. "Ms. L. 211 (1942).

14W. . Nedt. A9t. ". Ltt. 2*. 451 (1179). In light at all recent advaces lo the chemIstry of

13 lo.r-, gal. A. Wauecg, pL. tiatn. j. Cu. pYye. ele.ronically eacit" atoms,
1 

there hal boon

* 1, t1 11961. oonsidele Ceotgoch in the CO11LArLon quenchil of

. I l 3.. ULU ..". 11, . J. Mn. $P1° (, ll 71919). excited utal atoe..
2 

not pevioue studies, Sad

1 7 *.i. btI. I.A. lots . S. t. U,3 4546 1f4). tightly ao, bowe, focueed on the react.ive 8nd ens~gV'

1. r. Ta k.2 asuemto. it., J. Chm. "by. L. 1427 trasefer pathway& aw0 interacting M MA

(174 1. unlJR2La
3 

There have been covet effectO in

4-s.L.. tror. .L Noracubae. J. Coe. Whys. a. 2792 investigating interactions between £1033 ADA XLAIA

(191-A).The inhereant ptential in cad). ala fr reactivity Oarls
20 r. umodon, ?rtus. Fatad&7 Sec. IL 1 (1937). them •1tle candidates got StuiesL• in energy transfer.

21 J.C. S1 tot, 4.0. irt,-.., Pays. Rev, .= 12 (I111. but the difficulties aspgoctstd with produigen d

2210& frst ",,L,,tGS.tba olais"Lityof o~cbandling thou makes such experiment& come under stricter

was taken to be equal to the 898r voume (&I@SLmeq a scrutiny.

radius r.2.3sl50 Col. PolauIsAbility of "14
3
711 to this Chapter. 629etime.0tl reslits at* preseoted

In the literature to asuime to be 242u10
34 C0. vhietrl the deactivation Cat. of metastable 55 by

9.0. Oedltsch. 5.5. Michael. J. Cam. fty.. 21, 409 th radical species lot(%) is mesure&. The

(1973).

23W... Weqend. 1O1*sh"A at 2±I"AL V1W 3 deactivation of aqlP3) Is somitotd by

1A "'W"AAA.AWZ "'W~d RIONVER111 ZAASUJL £101 :homilamintocance of wqir (3) via the reactions,

lag=1 (Unit ?eMOIq iee Research enter, Conn.t

July 31, 1.960). 
aai(o) * 1qg ( 9( 1SpI I Iqr I) 11)

24..A. Cool. (.apUDbhLebdS. AgatISI -) squal - kv

23 A. 111ar01ewo. Jr., 11e4-9o CeO9. A.C. Sllodu0.

?.A.Coo. J MON ftS. i6 533 194). written. reaction (1) Is an ozoerqic process With ').z?.A. Cool. S. ches. Phys. Z. 5133 (Z161.

24 VD. (A.LA* 33S. secusts M011421 energy traset and eattive othws being

2Z iA (OsAocd Univer ity Preo". vW yrock, 104). "ndsatlhlsale. lqeetLe (1) also esl 0o17 one

d@ctlvation pathwey from a postible oultitu4e. tn rig.

(rI-L), an e"ergy lee diaalm Le drawn to to" various

product 60a9gY Statee. Reetl4o (1) i1 tegbOht to be Of

LIpot because (11 It reflects an interaction

potential surface up" Which ergy transer of reaection
ay take pisal (2) correlation d"aqlamW in (0,D)

coupling do.s net so"e to reetrlct or disallow the

rooctles (3) and is Application. the MotastabiC nature

of the ocited atom, 39(370) OSM SerVe a. 41n Vf tq7

lesetic foer the vell knom sertry-hatide Mgr(-)X1

lasts. Reaction (11 has been obeorved tot the Chloride

by Via 6 1,8Y but ito Cate waa nvert Soesurud. In

this chapter, the aspetlu1btAl results can only piece on

tpper limit to the reaction rats in quatioo I1. Rut

with the Use of ortrelation diagram in conjunctlon with

12-.



an approximate medel for charge testtor,
5  

qalitatuve

wdetetaadlng of the deetivatoa mechanisaa ca be

pteeseate. fte wse of correlation diagreas also

facilitates a discee"A oOf the lmportance of other

PG. (19-l). hrqy level dliagra for prodct statee competinl quenchin; protesses.

Which ate en1etlcaly saoeaalh to the

ntferaet4q pelt 3q(5
2

1g) s"d

swmrcz 2 )1 . lee a q17 Gertop"eds

to the groud Stote aeela Wq0,6) and Va expertntal oifrotsh to shose Schematically in

Wh+n L fY 2), ati. aV6-22. klefly, In a aberC onetalam; 91 and

aqmr-( 
1

rO is als So. lme tw 3g0r20 so Ag? 'aset "3 Ia US sed to O oWptyose WC2

potentiaj serfaes fog this lam Pos Vegs ptodiuln a known quantity of SgIr I)s wti€h in

tros"es the g fee. dhib osmeat noetral tog decsys (2 Oe)
7
-9 to NTi5 A second Wed

speciem at the sparaetiao assoeated with ae0e, affeeptately deleaed. Is toned tr 253.7 re

the harpoon mechani m seeto teit fot 6 Ig - 1 g o eoleouc traslition. NIqST)M will also

dataAls), absorb 253.7 n
S al but tb ea* Section for resonaut

absorptio in 5 is 3 otders of hsalatudo Laret.
1 1

ltrAoon gas is ued to quenb the 631 q 8state to

liead tbe 3pe 19 oestatam .
1 2  

Me 2 dowe, mood In

the esX"tient is IfIUffia Liet to qqubes 612CM 
5  

The,

deactivation of 19(63PO
) 

LB monitored by

'bsalumiseecmce of "qalxs-1I as get tsaetlea (1)

Ad (M1 vbilo the deactivation ate, coetticient is

iseaurd b? varyin g the l41 2 coscentration and

124

4 PIG. (rv-2). Scbeastic drawing of the esperimesta

- T"I q*(ISL etgrttvlnmatt. Six theascumplas (not

sows) 0: fixed to differsnt parts of

the saspl*o ll in order to maniact the
towratre sad its maLfocot. he

Y * Sr(4
2

k iteralure, cmld be controlled to ±I 1I

8fo 10"I Periods of itfs.. Set 332 and

253.7 %a lasers age spatially filtered

sad collimated prior to entering the

4hemet. ad a narrow ,Bpes

4q~r(5Z +t4Nq(6 0  interf erence filter ( 14 OR vu is

- .. ~am5e3 to Protect the P" from Ocatteted

o - Z(6's)t~t( 3 P~)3 S tediatomt. "e 132 o laser is
bl ced for tOhse espareoSts wlte W1,

"Obto l-s Is not need"A.

1:2'



Shifting in I2, lot anti-Stokea| and enter$ the chamber

crousing the Ar? laet at eight angles. oth laemers

enter and leave the chamber through long arus which

minimies scattered lasot light. CbeailuminescOce Is

observed at right angles to both ler5 tbougb a

telencope/fiter/qated PIT (CHI. *390Q9. ds-590o o. 10

no) arrangement. Signals from thb M are digitized and

averaged Mozatl a, 10 n gate/fTraca Northern) until

Adequate 0ignal to noise is obtained, Fig. (1Y-3) shown

a typical signal plotted over several ezponentale

- itt)litatimee. To charactorise the signal and insure that
3 rthe emission is tor(1 at eSquations (1) and

(2), a et ot narrow hend filters ver ued to chect the

spectral nature. The observed emission wa soely

between 350-500 at w ith a peak near 500 no. This broad

'7 emission bend in well known to be Sqgr(S-13 (Sawe

\ fig. (1-1)). Furthermore. no "seion could he oserved
~0 when either If or MI was absent frem the Cell, or when

- the 233.7 ft. escittiolaser wss detuneo from t 'he ISq

resonanes transition. The emission is only observed

when both photolysto ad 253.7 nm excitation lasers are

C e used in the proper Sequencm.

in preperation and prior to tbhe experiment.

prtified mercury ws first transferred Into the chamber

maintaining the 1g concentration constant. The 532 am

radiation shown In Fig. (UV-2) is blocked in this

exper imet.

ahe sample camber resembles a ptevious design

(Chapter III) but is completely *ade of Pyre: glass with FI. (rg-3). Typical data from the transient digitiser/

windows mounted using 0 ring seona. A Pyres chamber 1S signal awaragoc coination. fte time

realstant to mest regants and can be designed to have scale origi n Coincident with the I nO

reasonable tempoteatute stability. Mir to use, the 253.7 n laser, and tha I us delay is

cbner was ated at 300
0 C to inue that all volatile required in order to gate the PwT

composmdo ae remevod. It is also esteralIly pointed completely n folowint asminer laser

bloas and completely wrapped with beuting tape. rive pbotolymim. pr the cam ahown. the

eparate heating tepee were actually use to presenre of 8qr 2 and N2 were 5 mTort

individually adjust the heat at varioms pia" en the and 125 2orr respectively. The results

chamber. Alan a et of aL, thermocepOleO are Strategi- are an average of 25 laeser firings. and

caily placed n the chamber to monitor tempereture foer or five such rates are averaged to

Uniformity. To fort er minmise ceodemation on the obtain the deactiveatio rate at one

vindowe. the arms and wind*e are always ,tpe at a cemperature (sot Fig. t17-4)).

temperature which is higher than is the Observation

regime.

The eeutt free the Act lacer (Momentum. 5031)

enters the chamber untocusaed through Suprtail quarts

windows. After a preset delay, a souned doeled WdtA4

pomped dye loaser (Qeanta Ay, 1edLne 5. 25 8.. 10

n fwvha is frequeucy upmsuverted (12 IM. Naman

129



to be an inefficient quencher of both Hqgr(S) and

Kg(]P 0 ). Thus, Bg~r(s) deactivatlon is strictly

governed by spontaneous *miuhion. Quenching of the

metastable s9 by undissociated parent molecules 'Rqr 2 ;

contributes only a very small amount to the ObserVed

S-. quenching, because of the high quantum efficiency of

photodiesociatinq Boer 2 rWE - 1.0 at 193 ni.
6  

with

nearly 1000 dissociatlon yields, the concentration if

Sgqr2 in the observation region is expected to be small.

3- This wes experimentally verified by measuring no change1in the initial photolysia Og6r(9--->X) emiesion Intensity

with variation in Ar laser energy. However, Oqar(x

species can react with Or stoma to fot mr2 moleculee.

Since both sqst(X) and Br are in equal concentration the

-~ removal of figot(x) with at will be second order with

respect to IRqr(XI). -he rate coefficient for such a

reaction is not Known, but the reaction is clearly

exotberic. An L? experiment was conducted to probe

for Br 2 , and given the experimental conditions no LIF

emission could be observed. With the aforementioned.

listed below are the relevant kinetic processes to

L i I addition to those of Equations (1) and (2).

1.0 1.2 1.4 1.6 1.8 2.0 2.2 7-4
TIME (us) Rg(

3
PO) * Bqer(X) l> All other quenchinq processa 2)(

at a known temperature C10 k, (8q - l.5xlo
1
04-,

3).
1 4

.A(3gO) - Betz H4(lS O ) .1 t(2,, 41
The cnamber was allowed to cool and a fow milligrams of r3'*i

dglr2 -as then placed inside, the chamoer -e poeped 8igO) 5g(s j -> Mg(So) Rg( so '5)

out, teen filled with 150 Toer of purified M2 and one solution to these equations (Eqa. 1-51 &s the t-me

sealed. All further experiments conducted were at behavior of the radical gBgr(S) nuober denelty. :t kas

temperatures whereby the Rq concentration is kept the general form.

constnt. Uqmr 2 has a reasonable vapor pressure at

modest temperatures (100 mrort at 373 1). The (5gr(I)]( a Cte" t - a-At1  ,6'

concentration of gsr 2 throughout the experiaent wa where , A and C are constants with A being the

solely derived from temperature versus vapor pressure spontaneous emission rate of Equation (2). Under -e

cr ves (see Table (Il-I). Diffusion of species from the experimental Conditions A >> a and by delaying data

ooservatlon region is expected to have negligible effect Acquisition a few hundred nanoseconds. the solution

given the experimental conditions.
1 5 

smplLfLes to a sensible single exponential of the form.

1898C(B) (t) - a 71

_- ( 1 "k3 15(98(' v k 4 1rfP11 [q(1S0gl (9)

equations ' 1 and (2) indicate two possible whate the exponential behavior now reflects the net

chanels from t variou 4deactivation paths open to the deactivation of the 3g(
3

p0 ) metastable. -he time

metastable Rql
3
P0) and the electronically excited constant a at a particular temperature L obtained oy

r:dical fqar(M). Xn this esperiment, quenching of the simply plotting the In((ager(Bs)) versus time

ecited radical, by various photofrequents can be (Fig. IV-3)). The definition for a can be simplified by

.1i*Cted because of the short 22r 1 / 2 state lifetime noting that RWgs(1) and BrO)(), both products of NqOr.

(23 me) and the low number densities involved. photoL7ts, hive equal cocentrstines for a given

Nitrogen. the speCies in largest concentration is known temperature. Since the Hg density is kept constant, a



plot of 2 versus 8gqir(Z)J Should be linear having a

sLope equal to the sum rates kl-k* 0 4 as shown in fig.

riV-4). The measured value of this elope ws -,

(2.7±0.4)xlO-cmjmole-s-1. To establlb the rate

coefficient for the deactIvation of 8q(3
0

) by 2g8rM), 4

or 6lk 3 , it is necessary to know k4. Prom a separate

independent experiment the deactivation rate of Nq(
3
Po)

by Br(2P) atom was etablihed (see Appendix A for

summary of expertment ad reeults). The meesured rate '

nflclant is (l._0.34)alg'9ca
3
aoleC-

1 1
. By

CCsubietractungl 64 from the elope in Fig. fV-'4), the rate r'-
coefficient k 1-k for the deactivaton of 89(37O) y

gSrfZ) equals l.70.83)xlO- 3
2
moec'a

1
. It LA . *s

surpri ing that even after allowing for expetimenstal "n

errors, the reaultlng fate coefficient kk3Is still

large, vuch larger than the gat kinetic quenching rates.

It seems only obvious to claim that long range

interaction forces are in effect, though the seple

dipole-dipole interactiOn should not be the manor

coupling mechanism. The dipole-dlpole interaction, also CC)

termed "Golden Rule* quenching (termed as such, because L 4 Shu|

the quenching rate is derived from the Fermi Golden ___|

Rule quation),
17 

Would be ezpected for dipole s( S9" j[

transitions which are fully allowed. Since the 9 aih 0D Da IOUb&S UCISSIUWa q(6X-
e-  H

126

6
3
P0 -

1

0  transition dipole is venishing.. small, .

"Colden Rule- type quenching has small probability. The

well known *harpoon' charge transfer couplAinq Sc.eme,

whereby exit channels are reached thrtcuqh the
FIG. 1rV-4). Rg1(

3
p () deezcitation rate vs. ENqSr2 Jg. intermediacy of an atom-to-quencher charge transfer

Each point repcesents an average of 1024 state. may be applicable here, since charge transfer

fluorescence traces. The straight line is interactions can occur at relatively long range.

a least squares fit.

It ia appropriate at this point to mentcon that a&y

general quenching mechanism employed can only provide a

qualitative deecription. There has been no quantitative

attempt made to apply detailed energy transfer theories

to g9(
3

POI and 9gir(X). One must be satisfied with

descriptions which are physically reliable under

approximations.

One of the complexitioe asmocl..ted with the

collIsional behavior of heavy atoms is that any symmetry

arguments employing the weak spin orbit coupllng

apptozimation dOwt not Clearly preent the :luht

chemistry. Ouenching studies on 9g (spin orbit

splitting - 0.2 .0) should be discussed in terms of

symmetry arguments baeed on :'o,) coupling. the more



sultable vehicle when considering chemistry of heavy

atou.l$ To this end. the quenching molecule Ulgli(X)

must 41" be Considered uling (J.0) Coupling rgu eflts.

Relaxation of the spin quantum number often results in

there being a large number of not-degenerate surf aces

correlating reactant species to various product state. Hg(
3P)4Hq ~r (2 Z)

Theefore. thert say be ,,ma possible surface crofsings. , H (3  - r(2 )

chatectecited by high transition probabi.Ijtus, and

hence the abeence of direct adiabatic pethweys maybe E

cruvne adibtc cannels leeding tothose E, N~ *Z~~S

based on (J.0) coupling sbeLd include the effect of

rotation on the approprlate SUnd' coupling casme for

the molecule in concern. In this anSlyls. it is the 2

intention to only provide a qualitative understanding HqBr( Zl)- Hq(

2nd Perhaps show the existence of any obvious btrr 3 E

which say teep the reactants from correlating to

specific products of interest. ?hUa. the correlation E HBr(Z... H('S)

diagrams presented utilzle (J,-) couplinq1  but neglect Z

rotational effect. figures (1-3) and (MY-41 show

these correlation diaqrams. Only those aurfaces vhich REACTANTS PROCUCTS

directly connect the reectants to products are drawn.

Aee ppendix 5 for the analysis of both (L.5) and (JA)

coupling echemes). 'o collision trajectories have been C S Reaction Coordinate

PIc. :V-S). Correlation diagram in (c.j coupling FIG. (V-4). :orrelation diagram in (J,) :coupl.nq

connecting the reactants sg(
3
P) and connecting the reactantsa 8s(3P and

Igsr(21, to various possible products. aqsr(
2
r) to various polble products.

In this diagram, the Correlation is In this diagram, the cotrelation Ls

assumed to go through a Igor"g assumed to go through a 9q tug

intermediate of C% symmetry. intermediate of C" symetry.



emission lntensities from the excited mercury earimer

states are expected to be small because of the

metastable nature of the excited state. Though mercury

exclmer emission va not oborved, one must consider

that Rg2 excLmer formation is a possible preduct species

H (3P)*MHgr( 2z*) in the deactivation of 89(3P0) by the radical species

E 5 ,t Hg 2 ( 31;) +8r (2 P) lSr(1). It should be noted that all chaneis which

lead to the formation of the products Mg2(1 2 ; and

Hg, 0) Br( P) FHger(
2

11) will eventually load to dissociation of the

diatomic product speoes. Both 59A) sad Uqsr(
2

1 hae

E, HBr ( )Hg('S) repulsive potentials which correlate to qround stats

aton.. Since a number of adiabatic correlations can be

drawn from the reactants to dissociative products. It is

believed that in the deactivation of 89(3,O
) 

by IqSr(X1,

"Z Hgar(Z2r)+Hq("S) one salient quenching mechanism Ls the collision induced

1+ ' (' ) dissociation of S5r(X).

The measured net deactivation rate of 1g(
3
P)) by

E. •(, gqBr(x). within experimental uncertainty, is found to

_____
r  

______greatly exceed the gas kinetic rate for the colliding

pair Mesp (690±5501z10"
1
6cm

2  
z 50u0

1 6
c*

2
1.2

REACTANTS PRODUCTS Therefore it becomes necessary to consider alternate

quenching mechanisms which allow for long range

---- -91interaction. One such theory which has had reasonable
C Reaction Coordinate

UV success is the cherge transfer or "harpooning* model.

144

considered, the end-on approach leadIng to a C. It has been succsessfully used to explain the large

triatomic intermediate and the side-on collision leadinq rsaction cross sections for alkali atom reactions with

to an intermedLate having C. symmetry. Since the halogens,
2 3 "2 4 

and because of their lowered ionzrt;.on

radical sg9r(X) is expected to be rotating, a collision potentials, the quenching of the 3. states of q and Cd

along a C. reaction path is more likely. Out based on by various mol6cules.
2 5

-
2 6  

it wes found that those

dynamical arguments, a C., reaction path where the molecules which proved to be effective quencbers, had

escited 8g(
3

P0 ) approaches the radical Rqr(l from the electron affinities commensurate with the Ionization

bromine ride is more likely to lead to reaction and potential of the colliding atom. The basic promise of

production of excited sgsqr(B) speciea. the model is that for an eacited atom A* and quenching

Both collision trajectories bow that adiabatic molecule M. it is possible for a potential surface of

pathways exist which lead to the production of predominantly A*-N
1 

character to cross the diabetic A -A

electronically excited meccury exacmers 892(3l0  and interaction surface at distances sufficiently large that

Mq2 (0). The 8921
3

1;) xcimer which les - lav above the A*-N curve is sufficiently flat tig. (Iv-7i. To

the 3g 2 ( O) potential wa11
0 

requires a thlrd body to first order, the curve crosuing distance icT to defined

be collistonally stabilized.
2 1  

The departing Sr atom by the Coulomb potential whore the energy term is the

can serve to remowe excess energy and stabilixe either energy difference betveen A *N and A 'a- surfaces at

excimer pair. Both estimer have fluorescent bands. the Infinite A-M distance. neglectLng poisritbility of the

g 2 (
3

1 ; ) - 89 2 (14 ) emission at 335.0 nm and the A*m complex, Re can be written as,

9 2 (
3 
0) 2 g 2 (1

1
.) band at 485.0 nm.

2 0
-1

1  
Thee e

2

emission hands do happen to be in the spectral region Ip(fl(3Vo) )

where the Rqgr(3-)-) *mission signal Is monitored.

Nowever. the excimer deuay lifetimem, uadr the where IPs the ioueixton potential for sg9
3
p0 )

ezerimentsl conditions ar in the -me range
2 0 2 1 

and (5.78 eV1
4  

ad CA is the electron affinity of the

much larger than the SqBr(-->X) lifetime of 23 no. radical Sg9r(X). from calculations by Erause at &I.,
2

.49
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one can estimate the eloct-on affinity for Igir(21 to be

about 2.9 V (teen from the potential wells of the

neutral and negative Lon between the minimum pointei.

?o first order, the curve crossing distance R is

PIG. (rV-71. Potential energy curves for an atmatm S.010-oc. Wovever. RcT ts measured from the center of

interacting sysme. re an atom-molecule charge in agar- to the nucleus of 2g(0P). while the

case vibrational states for eacb potential hard aphere radius R S s measured from the center of

would have to be added. Clearly the sass of agar to the nucleus of 9g9$Pe). If one assume$

crossing points are strongly dependent on the centsr of charge as the Br nucleus in agar, a factor

the ionic peromatere of A, the excited has to be added to Rt to shift the origin to the agar

atom. and H. the quenching atom. I.e. on center of mees. Shifting this ornLqR. c is normalised

the ionization potential of A% the to a value of 6.4zJ10 cm. giving a charge transfer cross

electron affinity of K. and the section of 2T - 129zIxQ'Xcm
2
. This in larger than the

polsrimability of t e A- - X" hard sphere cross section (%S - S0mlo'cu'
2 

Implying

intermediate. Figure is taken fro that the charge transfer curve crossing, and hence

Reference (27). quenching, can occur prior to the hard sphere

*g(9Po) - Hg96(I) Collision radii. sowever, 2cT *s

still smaller than the ezperimentally measured reaction

croes Section Ivexp a (G90 5S0%xl0
1 6

cm
2
). This

apperent difference may be accounted if we consider the

previous etudies on altali-halogen molecule reactions.

In that investigation, It wae found that the reactive

scatoring cross sections are determined by an Impact

parameter for crbit Ang
7 

in the perturbed entrance

potential. If tis orbiting Impact parameter :the radii

at which the centrifugal barrier to located for t.ie

given kinetic enerqy t) is greater than the charge

transfer radii, the criteria for reaction ts maLa2UALlog

thn dafLL&lj. WaL~L.L i.e.. after croasing the

barrier. electron trensfer occurs with unit

1probability.
1 7  

Therefore, the quenching cross section

Uj As governed by therbiting mdel.
2 9 , 3 0  

In the case of
z," INITIAL
WJ S the alkali-halogen molecule reactions, numerical

.j /solutions of the relevant eqmations place the

centrifugal barrier - 2X10cI , outside the diabetic

Z (Charge treansfer) croesing ediuo.5
3 0  

In the nq
3

P, -

WJ ovJt(g ) system. as accurate and meaningful calculation

AN R of the orbiting radius would require estiating several

pa rameters wih high confidence. Leaking such pct sf on
F]NAL~t tThT L e parameters an orbit cofttrelled charge transfer

quinncbi~ng cluaot be rul~ed out. Ilooest, the Charge

transfer coupling AS considered an important aspect of

INTERMOLECULAR DSTANCE R the Interaction. rt charge tranefer to occur, the

oncoming "'t0O
) 

atom must be in the ticinity of the or

atom. to other words, for efficient carqe transfer.

Wq(
3
P0 1 Seould 4ttaoa PhR) frnom -.ne B end. This

dynamical constraint was also apparent in the alkAli-

halogen molecule studis8.3
0

In the !q(
3
Pa) - Rqgr(Xl



exp~aiwant any colision10 in which the two Mg atoms come

neat, may lea to a covaleet type quenehing, esciet Aw Id#A i Um au aBaL = uuA za a a LA

forat.on or repelaion. hil. an Interaction between

5gOP0 ) - Iraq may lead to charge transfer followed by A hx UAAIL

either Nga(t) formation (@qartE) state hs Levi

charaCter, especially for high v' states) ot IOWA) In general, it ti well known that atomic species in
!oreation wtch Ia riseplstv and leads to groid atate electronically escited states are quenched efficiently
atoes. This possibility is viable because at high by molecular gases while as quencher. moat atomic gases

energies, the Egc(A) and sqrir potential Curves Ate appear to be rather inefficient. 32  
This general

known to croa. The intea acti may Initially to's behavior haa been ttrtibuted.to the efficiency of energy

vibcationally excited Eg9r(! v' - IS-30 species ot transfer from electronic to vibrational modes o

curve cross to the repulsvo i6c(Al potentiaL A third aoleculoa in comparison to the poorer coupling between

option with the Ng(3P 0 ) - 2t5q approach is stable electronic and translational energies. oweiver, there
RqAr E) productio. This situation it indistinguishable have been quenching *apertment* vhere deactivation

letween simple quenching or reactive (charge transfer) creus sections wets noticably greater than staple haerd

interacton with ground state products. The latter $phors collision cross sections. 3 "3 3  
"hese result*

pOSaibIlIty is expected to have a low probability of could not be eas(ly erplained via covalent type tors-

occurrence. ngr(j) has a low potential sell (0.7 *vi molecule ot atom-atom interactions. Alternate quenching

which would loeave in excess of 4.0 ei to be pertitioned sechanisus which allow for long rane Interaction have
as relative translatioo between 19 and agar. The outoae beent utilized. but for reactions where one species has a

of t:h charge trslsfer reection could also be influenced low LonLsation potential while the other a commensurrte

by the epprostiity of the spectator sq atom3 1  
electron affinity, the charge transfer theory or

Although the net deactivation rate of EgE3VO) b yharpooning- model has been especially reliable in

RAgr XI is truly the aggreate effect of numerous

quenching imebanlfas. It is believed that the charqe providing a qualitative description of the :etlcont

transfer mechanism or the orbit controlled charge dynamics.
1 7

transfer Noethanism o the mosat important quenching in this Appendix, results ace discussed wnersin :.ie

processes. deactivation of metastable EgqP0 ) by Er(2? atoms is

The measured net deactivation rate coefficient k at measmted. The results from this experiment also provide

best is an upper limit faot the rat of Reaction (1), the Cate coefficient which is necessaty in reducing

but in view of the correlation diagrams with the those results of Chapter M The reaction of interest

multitude of possible products, the production of can be written by the equation.

excited Eg6rCE) from quenching of sq(3P0) by 99ar6X) is
thought to be a minor chaM1. It is Annoying that the ig(63 0

) * S (42p1/2,3/2) 5) g
1
S ( 8c(42P/2,3/2 ;

deactivation rates k1 and k' Could not be measured with The mercury and bromine atems are prepared from separate
hi+gher pecision. Seth espieriet were very difficult photolysis reactions, while the excitation of Ag In via
and besides the experimental sophistication required tO rmeonance Absorption. The net deactivation of ng)P 0 )

obtain higher precision would supersede the not gain in is monitore~d by thet chtmlumne~ecenlce of Ag~r(S) via t.ie
physical insight. reactions,

g9
3
70) + It2  gart(s) + St "1,/2.3,1) A2)

A
Eglr(s) -) Ngortz) - hv iA3)

where k aS a known rate constant and A is the tinstein A

coefficient for irEE-b)i.

The quenching in Equation E1l) s simple t-?

electronic to tranal tional) energy transfer. Zt is

"3" ;.>2



also the only deactivation path avallaa to the measured using am NUS Betatron gauge, while Br &tom

n(3p0
) 

- or Collision pair. There are me bromine concentrations ware deduced fram the Seer-Lambert

electronic states nearby to allow egiclent resonant 9-C absorption equation, using known extinction Coefficients

(electronic-electronic) energy tcsaofer.
3 4  

Nercury in for SC2 At 532 nm
4 0 

and the average Laeer energy (5.9

its 3P state has a lowered tonizelon potential and It is J). At the measured later energies, .01Y 2.40 of the

erpected that the meetstable state will resemble a Br 2 maoleculea are pbotolyled allowing the calculation of

ground state alkali atom in its chemical propertis. rit! from a Seer-Lambert relationship. furthecmore, the

The *harpoon mechanism as explained in Chapter rv is beam waist at the 532 no laser In kept several times

expected to be the dominant quenching schainsim. larger than that of the 253.7 as laser in order to

The experimental appiroacb ts shown scbematiclly in minsmize the spatial variation of (Se in the region

Fig. (MV-2), but for this experimeant it containe a small where 1g
2
3P0 ) quenching occurs.

amount of Igor2 sait and Sr 2 . A Er lamer (249 nil) is Dqiations (A2) end (A3) provide a schema with which

used to photolyze 1Sr2 vapor producing a quantity of sg to measure the not deactivation irate of Sq(3P0) Aroms.

ata". ghr2 has an abioption arOas section of Both equations hoe large cross sections

- 2slO" 8cm2 at 249 nm and is known to produce 0g atoma (k - 10"'
0

cm
3

nolec1
- 1 ,  

* 4.3z107s
"L) 

and serve to

w1th .esOnable quantum efficincy.6,35-35 After an reliably monitor the qg
3

P 0 ) :oncentration. In the

appropriate delay, a second pulsed laser entass the experiment quenching of the excited radical Bgqr(S) oy

chanter and is turned to the 51PO-E3P1 8g transition at various photofragmonta Is neglected. because of the

253.7 nm. This is quickly followed by a third laser at short m2
'r/ 2 state lifetime (23 no) and the low number

532 nm which is used to excite St molecules to denmities involved. Nitrogen, the specile in Large

predissociative levels of the 8r 2 (S
3

7
+
) electronic concentration is Known to be an inefficient quencher Cc

state ( 'dis - 210 as)
3 7  

Nitroges gas in the chamber both Saril! and Rq(6 7)
, 
while Sr 2 known to readily

(["2! - 4.$X20
1 5

cm
3 $ 

serves to both help quench quench Hgrfs), 
9 

L of such concentration as to have a

qgO(3pi to 2g1
3
,,) and to enhance the Sr 2 diseociation nqligible effect. Thus, RNgr(B) deactivation is

156

by collisions "dies - 100 na A 100 ?Orr N2)38 Optical strictly governed by spontaneous emission (Mq. 'A3)).

:*Os sections of Sr2 at 249 m and 253.7 rim are known Though Rqsrle? has but one deactivation pathway, the

.o be small r - 2z10
2 1

cm
2
l.3

9 
so there should not be metastable Bq(

3
P0

) 
can be quenched by enumerable

'ares densxties Of Br2 molecules in highly excited products through a multitude of pessble channels. To

states. The net deactivation of R(3PO) is monitored by obtain the specific quencting rate of "9( 0 ) by 1r(P'

the chemiluAne*cenc9 of Sr(B-)X) as per reactions &toe (Eq. (Il)) from the various quenching processes.

!A2) end (A3) with Br 2 concentration beld in escess. one needs to measure the change in the not deactivation

The deactivation rate Coefficient ' in Equation (Al) 1 rats of *g(39( when the Br(2P) concentration is reduced

deduced by first separately measuring the net (3 PO )  to zero. tf all other species concentrations are kept

quenching rate in the cases of with/without the Sr 2  constant, this differncea in the msesured rates can be

photolysis lser. The measured change in the cate when made to only be proportional to the Br(
2
p) concentration

plotted egainst Sr 2 atoe concentration is proportional whtl other common teres cancel. Since -he Br(:P!

to k'. concentration is reduced to cero when the Sr2 photolysis

All data acqulsiton and diagnostic analysis are as least is off, it is only of importance to check those

discussed in the text of Chapter IV. a addition the =wanted products which eight be produced via photolysis

chemiluminescence signal was cherecterised with the use at 532 nm. All aultiphoton processes can be neglected

of narrow band filters, where It could be aistred that on qounds of low optical cross aection, while all

it was RqSr(B-X) emission. Furthermore, no abaorption processes With products produced by the XrF

chemiluineacence could be observed when either Sr 2 was lamer are neglected beMause of low densities. Thum It

removed from the coll or When the 253.7 me excitation is only necessary to consider those B 2 molecules which

laser was detunmed from the ag resonance transition. All are excitad by S32 nm radiation but do not

the experiments were conducted at one temperature predissociate. The Nr 2 (M5:O -) and SC2(A
3

0 '* metstable

I1e40°I 18gr 2 J . 10
1 3

cO-
3
1
14 

to insure sufficient states era optically coupled to the ST24119) ground

"g@c2 density. troino molecule concentrations ware State by emission at 50-900 n W41-4 with long €ifetmes



(A
3 

*547i,. g3 -12.4i). A careful observation of this

spectral regin was made and it is believed that given

the ezpermiental conditios, the 592 metantable

concentrations &re at beat very meL. Par

Completenes. one see* kinetic equation Is necessary FIG. V(1-A). itse) de c itstion Eate 'I' IrJ2 )0

tn addition to those of Eqo. (A) - (W). To open Circles are for the came ot

sq(37 0 ) quencbtan by Sr2 nMLX and toe

R Nt"> jai Proesses (A4 2lOpe to (leas square@ fit) 1.2z10
1 0

One solution to these equations (MQs. (Al) - (A)) is om
3

oMalec- 
1
s
1

. In the case of the

the time behavior of the radical 1Ir8(9) nuuber density. darkened circles, JSr2 JO is partially

It has the eneral fea, dissociated With the 332 ne photelysio

II~r(1S)!| - C(O-6
t 

- *-At) (AS) lace (fig. (W-2l1, and the quenching of

Nq(
3

PO) is due to both SE2 and ar. -he

where a. A. and C are constants with A being the slope Lu (least squares fit) 1.7%10
- 1 0

spontaneous emission rate of Equation (A3). In the cmsolec
1
s-

1
, and is equal to

experisent, A N> a and by delaying data acquisition a [kof(2k -%fl, whoe E is the fraction of

few hundred nanoseconds. the solution simplifies to a (Br2)g which to dissociated. Each point

single exponential of the fter, is the result of 1 2000 laser firings.

The largest source of umcertainty derives(sgslr(5)(|(t) * Cs
a
t (Ad)

from not knowing (r 2 0 accurately enouqh.

here A is2 the net deectivetion Of the 9g(f 3P') Derit* a large random error, for a given

etastable. The tise constant, a, is obtained by ismply gas ample, es can see the systematic-

plotting Ln((gqsr(4jIj versus ties. It Is defLnd ally larger rates in the case of closed

differently for when the Sr2 ph tolyts laser is = or circles as compared to the open circles.

2U. Without the 532 RM photolyaLs laser.

soft - k159210 * k V ql(3PO)J (AT1

and since k"( q(3P0 )( is conatant (sqgir 2 i constanr a

plot of soft vs. (Sr2 10 (Sr 2 J 0 's the Sr 2

concentration prlor to 332 an photolysia) gives a 9oO
straight line with slope k.(I.20.l)%0

1 0
cU3soloc'sl'

"

(see Fig. (T-Al) open circles) and this is the rate 80-

coefficient for the quenching of §g( 3P0) by S12. "Ovs 1

332 na radiation enters the ctuabec and dissociatee a

fraction, f, of the Sr2 . nder t onditions /

son k10r2 1 * SrI -ns
3

o)! AS) 1  .(Al

son * (k * f(2k*-i)NrE2 0 * kHq)(
3

P0 )) (A)

A plot Of ao, v8. )5r 2J 0 gives & straight line with -
slope tkof(2k:-k) (see Fig. (IT6-Al) closed circles), end 4
since k hes baso established *Ad f ia known (2.40). one

could obtain V. The rate coefficient for the j 3 0 C
d oectivattem of by s(

1
P) ate" I deduced to be

l.0t.4)cO'c'seie~
1

s
1

. ecasse k' in derived fre

a differsuce of two measured rtes., it can be 2abiected

to large eipecental oerots. to anticipetios of this q 10

problem each masuced rate was established to a greater -

degree of accuracy so thet the difference rats between

the wooeld have sun error that would still be 0 Br, 10 un 0Of * 35

141C



x perimentally acceptable. The caculated ero also The prOblem centoe in the formulation of the orbit

includes an antIclpeted error of the at 2 absorption correlation crul.

Coefficient at 532 no (actually twice the error

mentioned in the referance was used in the error A I- A< -\ -> -

calculations?. It is then surprlsing that after

allowing for ezperimntal ectors, the resulting rate When conaidering the simple interaction nown aboys, it

Coefficient k is larger than gas kinetic quenching becomes necessary to Mgt up tables vbcb take spherical

totes. The obsered large deactivation rata is symmetry (atom A) and diatonmic symmetry (C) to a

Indicative of coupling gress vhicb h ave long range symmetry X (Intermediate ABC). A similar table is

interaction. Baus the 63P-41SO transition dipole compiled which takes the symmetry of atom C and diatusic

is vanishngly small, oe could not claim simple dipole- BA to a sySetry X for ABC. The allowed electronic

dipole forces to be the cab? coupling mechanism. my states of ABC (symmetry X) act then obtained by forming

virtue of Its excitation. ij(3Po) has a lowered dlce;s products of repreoaentatiae found from the

ionization potential. and 3fk(ZPI an electron affinity of resolution table. (A-Mx BC- X and also tA-)l[ and C->

the same magnitude, the h rpoon' **del or charge X). The given states of ceactants and products will

transfer coupling method Is moat likely to tve the best correlata if at leSt one species arises rnom the State

qualitative deecription of the quenching dynamic. A formed by the reactants and the states forred by the

first order calculation reveals that the charge transf',r Produces.

radius ft the Rq(
3
PO1-9r pair is at 6.0al0"om vhi:.e A non linear complex of 3 atoms will belong either

tbe gas tinetic radia I 2.S240lo101. in CI(Ce,), Cs, C2 ,, and C3,. Consider !or *esample the

reaction,
Uq(3 p") . gqar(R

2 1 .21/2) -1 29(1S) - anlr(92..,,) (all

througb a non linear complex of Cs symmetry. 'itilizing

established tables (Rot. 441 the direct cross products

can be written

Anlf~La QrgtIlZ±A d&&gan* a aB SIISBAXI aL

Asausn~l.i1 aaMiAZLfLflM ahafus Reactants. P, Z 2 -> 22A",2 A.

9L .L.Z.) gADL JAA sain",hi: Products, 
1
1 q s2 - h

J.~UA~llla Ih QLABLhLLMfl JA ASCULALK ABRISM Z Thus, .- only surface which coamocto the Froducts with~

=8 am al ISIS 3 
0 ) . UAL (1) aWaLe. the reectants in the single 

2
A, surfae. If the

The fcllowing somary of operations was gleaned reaction (91) i considered through a C". linear

from various souoevU
48 

but in the case of ( .0) complex. the intermediate possible states are given via

coupling all Information was exclusively tom the the following roles.

Appendices of Recbmg, Vol. III (Pelyatoamicl.
1 9  The 1. Poesible intermediate (W) states resulting

formulation utilizes group theoretical arguments Nqarg 
1
L(nq ) * R(lgarl

Celatinq symetry propertis of the reactats, the %I(09) - r . .* ML(g )  l.-

interuediets reaction co ples and the products. ML(Bqgar 1A I(qBr) * 0)
with Sqsrgq * 0,1

2. PosSible intermediate (3) states resulting
(L.21 Sik " Sioek, Sj+#k-l,... ji-Sk and

If spin-cbit coupling is small, 91n correlational 'ik - S'99'9 - 3/2. 1/2

rules for linear and non lines pelyatomlcs are In Table IZVY-I) various product'reactant interaction

.dentical with those for diatomic moleculs. The pairs of concern are correlated to form an intermediate

electron spin is not affected by the electric field 9g8rNg ceples of either C, or C, symetry. All

arising from the interaction of the combining correlations assume seall spin orbit coupllng. Pigs.

walnculsf/ao/s, and A ,oi art good quantum numbers.
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TAILI (IV-i). Crrelation at various Interaction

pai to facm the Intermediate Iqlrnq IG. (l V-l). Correlation diaqram in (.S) couplinq

either in Ce or C, symmetry in connectinq the goactants Eq(3P and

(L.S) couplinq. qlar(
2
I) to various posilbl, products.

Zn this diagram, the correlation Is

Process C, C., seam0d to 9o through a NOEa

intermediate Intermediate Intesmediate of CS ymstry.

qI )*qsI 'rl/2) ,
2

A,
2

A 2 .'r ,2  21/3/2

2
4
A44. ffs1,2

R9('(2l/2
) 
R
q r " ;

(l) IA. 2

4
4
A'*2

4
A' 47/21 243/2, 4"7/2

4
A22

4
A, 41/2

4q('s,,so qBr(2?1) 
2
A4,

2
A' 23/2

8q2l~r( 2 ~l 22 A4,2 A. ~ 2 2,3/2

'rJ-sl.a21 show the cocrrlation diagrams in (L,3)

coupling. Only those sutface* which directly correlate

the reactants to products Art drawn. Pot the couplets

list of surfaces roftr to Table (CrY0o). The *lines' in

Fg. (I-51,32) ace assigned by connecting reactants

to products through mutul surfaces. starting with the H9 )*Hgqr(2q )

product which has the lowest energy. 3 )" 20,

In the aOve discuassin the Interaction of 8q with !1\ *ozf 
4 qt

RIgc utilized (L.I! c"pILnq, this s e we tab states

ot sq. $gse end oqsrgq ace connected soft that 2 Is

assumed to he pr eceasin asout A land L.l coupling Is 2

small. if the (L.81 interactioe term is large, the t A2
fild in the Lnternu.lea: Asia smy net he sufft u A

enouqg to cause independent spece quantisatioa of l. and _'

S with the internuelea cuo weta A And . The remult

Of I. sid far .i and this proceses shot the axis -- -

with component 0. Zn su a&e* A end I ae not defined

and only a retains its eaning as the electronic angulr REACTANTS PRCC'"

oeisetsl about the as. TO incorporate large spin-o it

,Lteractio in Correlation diagrams. the spin states of

the specia lse need to he ownsidered. A firet C S  Rea icn ccrdinate

IA']



approxiation. tor not too large SpiOpnotbit interaction

LS to eUltiply the orbital *i9QnfunctioM with a $pLO

.unction which has & coordiaLer syate that is fixed on

the particula msolecule. unlike space fixed functions

rIG. (V-52). Correlatioo diaraM in (L.S) coupling which age totally Symmetric. Such molecule-fined spin

comnecting the reectants 9(
3
1P) and functions &o affiected by symetry operations. So one

gllr(
2

r) to variom possible products. needs to first establish the species of the spin function

In this diqaram, the cOgrelatio to for various S values for all the iLportant point groups.

saomed to go 4trough a Uggrig Eerzberg haes tabulated this foz soft S valus (Uetefgbe

intermediate of C, syNtetry. III, Appendix 11. Table 56). To deteraine the total

electronic eigenaunction, oue fotes direct products of

the species of the spin function and the species of the

orbital function. Cousider again the example of the

reaction of eqution (1). assuming large spin-ocbit

interaction and a nonlinear intermediate (RgSrRg) of Cs

symmetry. The parenthetical notes retsr the reader to

appropriate tables in serzberg 111.

(a) 89(
3
Pu( -) S.I. 6.

coolve L and S into C, Sy try

P - 2A'*A* (App. IV, Table 581

S -, A'*1A (App. :1. Table 36)

3pu 3 x Pu

fA )A'.)ZA 12A* +A1

-> 3A4A' (APP. NI, 7014 571

(b) igsri
2  

) -1 S-1/2, L-0

r -) A (App. IV ?able s91

s -> g1/,2 (App. 1, Table 561

-1 11/2 z A,

Hg(3P)+HgOr( 
")  

-- 1/2 (APP. III. Table 571H 9 2 C3I)+Br( P) (C) 89(1) -> s-0. L-0

/ -s - A A' (App. IV, Table So)

n 5 - H5Or A, App. 1, Table 3)

2Z ) -)A' x A'
ri-1 A' CAPP. MI. Table 57)

saving now established the symmetry group of the total

ectoacl elgenfuntlm. one can Correlate the

Hq~r(
2 fl4Hq ) products and the reactants to form a nonlinear

intermediat 10t in CAI m(1 1 ,. 2

Hq Br (Z) +Hq(1 ) 1 2 1/2

Products, 1
gl • " ) A' ,

1) 1/2

REACTANTS PRODUCTS ering cut" croeing. one can say that the eectants of

Sq. 5Z11 correlate to product species through a single

11/2 surface, with the stipulation that the

COV Reaction Coordinate intermediate couplex is of point group Cs. In :able



(UV-62) the important product/reactant interaction paigs
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